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Beach profiles and littoral environment measurements 
from one site on Charlestown Beach, Rhode Island, h~ve been 
used to determine various beach states and modes of 
variability over a five-year period. The major profile 
configurations of this microtidal beach, were classified by 
the wave climate responsible for their shape. Storm beaches 
typically exhibit a wide, concave beachface and ----~ -
lan~d-dispA~c~d )'.?.~~~-,-~-~-e~st. Post-storm .E!!.!::...overy beaches 
ar~ £h~~~c~~~ized p__,y the rapid onshore migration and welding 
__,,_, ;::,, ~ ............. _. -- ,_..,.~,.,....·---"- h<•• ... ,.,... -----~... --~-------~_ ... , ______ --..,: 
of swash bars to the concave beachface. Berm development is 
--~--·-~----~--- "' - ··-·" • __ ,._,,_..., .....,.,._ .. "<; :::-.. ------ ....... - ...... ~ ... ....-..- - ........ 
c.onf i .,~;,..~ti_g,n ,_ and occur.:s _wij;)J~n -~.~ ... ?.,, .. .9.ays. This 1ecovery 
"'~ ..... ~ .... -... 
rate is more rapid than on mesotidal beaches due • to the 
greater interaction time with wave processes during a tidal 
- - ... -.. - ........ - • -.· ·- .- ,.. . -- - ·----·----~ ,. - . 
cycle. Mature beaches at _Cl}arlesto_wn. _9ften consist of a 
·~--- ___ .,........__,._ - ----~ 
high, wide berm with __ ~_f_lat to gently landward-dipping berm 
top and a steeply-dipplng beachface. 
--.;::___ --- --·- -- --~- ·....-..,c:o,,.__,_ r The storms found to cause the most beach erosion were 
J e~ther tropical or extratropical in origin but tracked 
{ closely to the west of Rhode Island. These storm paths 
I 
produced southeasterly (onshore) winds of extended duration 
and incident waves with a long fetch. Intense storms (1-2 
per year) cause extensive beach erosion (25-50 m3m-l) and 
may result in foredune retreat and/or backbarrier accretion 
by overwash. Moderate storms (6-7 per year) produce more 
!-frequent but smaller beach changes (10-20 m3m-l) 
) storm berms/ sea rps, be rm • top runnels , and be rm 




Short-term storm-fairweather (erosion-accretion) beach 
cycles were ubiquitous throughout the data set while 
longer-term seasonal fluctuations were identified only 
during the first three years. This temporal variation may 
result from sediment budget changes due to long-term 
storage, alongshore transport, and large-scale climatic 
fluctuations. 
A principal components analysis of the data set produced 
three major modes of above mean low water profile change: 1) 
the 1st eigenfunction indicates an onshore-offihore 
transport of sediment (e.g. storms and accretionary 
per i od s ) , 2 ) the 2nd eigenfunction corresponds to a 
beachface-berm top exchange of sediment (e.g. berm erosive 
events and periods of greater berm top accretion than, or in 
conjunction with, beachface erosion, and 3) the 3 rd 
eigenfunction is most applicable during infrequent foredune 
activity (e.g. erosion, overwash events, and dune fill). 
A high correlation exists between profile volume and the 
1st temporal coefficients. This indicates that the majority 
of changes in profile volume occur within the region of 1st 
eigenfunction profile variability and are interpreted to 
result from onshore-offshore transport. 
The landward limit of 2nd eigenfunction profile 
variability may be used as an unbiased delimiter of the 
iv 
inland boundary of a coastal feature, from which coastal 
resource setback distances are measured. On Charlestown 
Beach, this_ corresponds to the middle of the foredune ramp, 
marking maximum dune erosion during the Blizzard of 6-7 Feb 
1978. Due to the annual fluctuation of storm frequency and 
intensity, five years of profile data are more accurate than 
a single year for the determination of the inland boundary. 
V 
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INTRODUCTION 
I 
Beach profiling has been demonstrated to be a precise 
I 
method for delineating beach erosi?n and accretion (e.g. 
Abele 1977; Aubrey 1979; Boothroyd et al. 1978; Fox and 
Davis 1973). The major objective of this study is the 
qualitative and quantitative description of a five-year time 
series of beach profiles and littoral environment 
measurements from one site on Charlestown Beach, Rhode 
Island (Fig. 1) . This data set ut:iJl izes a combination of 
longer time series, greater frequepcy, and more accurate 
beach profiles than used in previous! studies along the Rhode 
Island coast. 
Field measurements and compute,r analyses have been used 
to present a number of process-response (erosion-accretion) 
relationships involving both I • fairweather and storm 
conditions. Meteorological data, including wind records and 
storm tracks, provided information Ion the major sources of 
energy affecting the coast. Various beach morphologies were 
identified from field measurement~ and computer-generated 
topographic profiles. These data were used in conjunction 
with a principal components analysis to distinguish the 
dominant modes of profile variability. 
DeKay (1981) demonstrated along East Beach, Rhode 
1 d th t t f h f . i I . Is an , a mos o t e pro 1 e variance occurs as a 
. I 
beachface-nearshore exchange dominated by cycles of combined 
storm-fairweather periods. Since the data set used for the 














































































































































































































































































mean low water, the analysis concentrates on that zone, 
using assumptions of nearshore processes from DeKay's 
I 
model. I 
The Rhode Island coast is an example of a 
wave-dominated, microtidal, sediment-deficient shoreline. 
This study examines how the beac9 responds within the 
framework of these parameters. 
GEOLOGIC SETTING 
Charlestown/Green Hill and East Beaches are two gently 
curving barrier spits situated between two headlands and 
separated by the jetty-stabilized Charlestown Inlet (locally 
called Breachway). 
long and extends 





(till-covered bedrock): East Beach is 5.0 
Hill Point 
km long and 
extends eastward from Quonochontaug Neck (bedrock) . These 
barriers separate Block Island Sound to the south from 
Ninigret and Green Hill Lagoons ( l0cally called Ponds) to 
the north. The study site is locat~d on Charlestown Beach, 
approximately 0.5 km east of Charlesfown Inlet (Fig. 2). 
Davies (1964, 1980) classified the Rhode Island coast as 
a microtidal, east coast swell environment influenced by 
both tropical and extratropical cyclones. Nummedal and 
r 
Fischer. (1978) and Hayes (1979) relined this classification 
to a mixed-energy, wave-dominated system by comparing tide 
I 
range, wave height, and coastal I morphology in several 
























































































































































































































































































































































































































































































Fig. 3.-Mean tidal range vs. mean !wave height. The 
south shore of Rhode Island is classifie1 as a microtidal, 
mixed-energy (wave-dominated) environment!. From Boothroyd 
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10 
at Newport, RI, to O. 79 m at Watch 1 Hill Point, RI, while 
maximum ranges of 1.8 m have been measured during perigean 
and proxigean (Wood 1978) spring tides (NOAA 1976-1981). 
During 243 days of wave-pressure sensor measurements off 
Charlestown Beach, significant wave heights were less than 
0.5 m 68% of the time and less than 1.0 m 92% of the time. 
Wave heights were greater than 1.5 m only 2.2% of the time 
with a maximum measured height of 2.57 m (Raytheon 1975). 
The Rhode Island south shore is therefore subject to high 
energy input for short durations at infrequent intervals. 
The rate of Rhode Island barrier retreat varies with 
sediment supply, sea-level rise, and the ability of storm 
events to transport sediment from the beach and nearshore 
zones (McGinn, 1982). Using photogramrnetric techniques, 
Fisher and Simpson (1979) determined an average retreat rate 
of 0.7 m y-l for the south shore of Rhode Island during the 
period 1939-1975. 
The south shore of Rhode Island is an example of a 
transgressive shoreline with a sediment budget deficit owing 
to insufficient longshore and offshore sediment sources and 
considerable depositional . sinks. qur ing barrier migration 
by overwash processes and flood-tidal delta accretion, 
sediment is moved landward and removed temporarily from the 
sediment budget. The residence time for material in this 
sink depends upon the rates of barrier retreat and sea-level 
rise. DeKay (1981) reported the exposure and erosion of 
low-energy lagoon deposits about 175 m offshore from East 
11 
Beach, RI, at a depth of 6 m. This implies that the 
overlying lithofacies (i.e. flood-tidal delta, washover 
lobes, supratidal barrier deposits) are being removed by 
shoreface erosion during barrier retreat. Therefore, the 
Ninigret barrier-lagoon sediments have a low preservation 
potential and are being recycled into the sediment budget. 
The major sources of readily available material for 
sediment transport are the beach, foredune, and shoreface. 
I 
Although no sediment budget currently exists for the Rhode 
Island coast, Boothroyd et al. (1981) presented a scenario 
for sediment transport during a specific storm event. 
Dur~ng the Blizzard of 6-7 Feb 1978, the foredune scarp on 
Charlestown Beach retreated 6.5 ,. Field measurements 
indicated that 27% of the eroded sand was transported 
landward as overwash. Based on the work of Morang and 
McMaster (1980) and DeKay (1981), another 20% was estimated 
to have been transported offshore, leaving about 50% 
available for longshore transport. Enhanced by a severe 
storm surge, tidal currents would be capable of moving large 
quantities of this longshore ,sediment through 
jetty-stabilized Charlestown Inlet. Once inside, 
the 
the 
strongly flood-asymmetric tidal currents carry the sediment 
landward for long-term storage on the Ninigret flood-tidal 
I 
delta (Rosenberg and Boothroyd 1983; Boothroyd et al. 1985). 
Swanson and Spaulding (1977) presented a computer 
simulation of wave climate for Block Island sound in the 





various periods and 




found that short- and long-period wave rays, from the south 
and south-southeast, were refracted around Block Island and 
focused on Charlestown and East Beaches. Short-period (4 
and 6 second) waves from the south-southwest, southeast, and 
east-southeast also concentrated energy in this region. 
These conclusions were also corroborated by wave refraction 
models presented by Morang (1977, Appendix III). 
METHODOLOGY 
Beach profiles have proven to be an extremely useful 
tool for describing beach and nearshore changes (McMaster et 
al. 1961-present; Strahler 1966; Sonu and Van Beek 1971; 
Hayes et al. 1973; Short 1979). Emery (1961) developed a 
simple and inexpensive technique for measuring profiles. 
This study used a modified version of the Emery method to 
obtain precise distance and elevation measurements across 
the beach. 
Field data were collected from a single site on 
Charlestown Beach, Rhode Island, from 1 Oct 1977 to 22 Oct 
1982. Beach profiles were measured approximately once a week 
during fairweather periods but more often when major beach 
changes were expected, i.e., before and immediately after 
storms. This was undertaken to delineate the maximum beach 
erosion and recovery, usually completed within 4 to 7 days 
(Boothroyd et al. 1978) ~ 
13 
Each profile was measured at low tide from the top of a 
surveyed datum (back) stake in the dune (422 cm above MLW), 
through a. front stake, and across the beach. The, profile 
continued into the surf zone and usually ended just prior to 
the overtopping of chestwaders. The main objective, to 
reach mean low water, was usually attained by surveying to 
the base of the plunge step. Occasionally, large waves 
prevented the survey of this geomorphic feature. 
The profiling procedure involved the use of two 150 cm 
graduated wooden rods connected by a 2 m graduated cord 
(Fig. 4) . The rods were held vertically on a line 
perpendicular to the azimuthal trend of the shoreline 
(064°). At each station along the profile, a line of sight 
was used that included the horizon, the top of one of the 
rods, and an intersection through the other rod (Fig. 5). 
The height from this intercept, the "horizontal" line of 
sight, to the top of the other rod was the relative 
elevation change, in centimeters, from the last station. 
This is read as either"+" or"-" depending upon an increase 
or decrease in elevation from the last station to the 
present one. On occasions when the horizon could not be 
seen, readings were made with the aid of a sighting hand 
level. 
The distance between the rods was , a maximum of 2 m. 
However, this distance was shortened when a reference mark, 
obstacle, or specific geomorphic feature 1was encountered. 




















































































































































































































































































































































































storm and/or berm crests, the last storm or high tide swash 
line, still water level, and top and bottom of the plunge 
step. Infrequently occurring features were also 
demarcated. These include foredune and berm scarps, berm 
and beachface runnels, rhythmic topography, eolian ripples, 
and concentrations of heavy minerals, pebbles, cobbles, and 
debris. 
The amount of profile survey error, determined from 
replicate measurements by different personnel, ranged from 
1.0% to 2.5% of the total profile volume. A major 
proportion of this error is attributed to the undermining 
and sinking of the profile rods while surveying through the 
swash zone. A smaller proportion of error is due to 
measurements taken while the profile rods were not 
vertical. These were found to produce negligble changes in 
topographic relief, distance to geomorphic features, and 
subsequent principal component analyses. 
In this investigation, a five-year data set of 286 beach 
profiles was visually and statistically analyzed, yearly and 
over the entire time series. The quantity of profiles 
measured each year varied due to storm frequency and/or the 
availability of personnel. The number of surveys per year 
were as follows: 69 (1977-1978), 43 (1978-1979), 54 
(1979-1980), 58 (1980-1981), 62 (1981-1982). Since the 
first profile was measured on 1 Oct 1977, each year 
consisted of profiles between 1 October and 30 September. 
The last year contained an additional 6 profiles that ended 
19 
on 22 Oct 1982. This was done to include an important storm 
that produced a significant morphologic change. Appendix 1 
contains a detailed description of the major events and 
trends observed during the time of this 5-year beach profile 
data set. 
The relative distance and elevation measurements for 
each profile were keypunched on computer cards and entered 
on computer disk. 
the measurements, 
water, and plot 
A series of programs was written to sum 
calculate the profile area to mean low 
the profiles. Each profile was then 
computer plotted at a vertical exaggeration of 5: 1. These 
computer programs an9 plotted profiles are contained in 
Appendix 2. All of the computer facilities utilized, 
including the Calcomp 1051 drum plotter, were supplied and 
supported by the URI Academic Computer Center. 
Littoral environment observations (Berg 1968; CERC 1973) 
were made after each beach profile. These include wind 
speed and direction, breaker height and type, sea and swell 
wave directions, and longshore current speed and direction. 
Wind speed was measured with a hand-held Sims M/S anemometer 
at the top of the foredune, upwind from any large 
structures. Wind and wave azimuths were taken at the same 
location with a Silva 1ST compass. The longshore current 
velocity was determined by measuring the distance a 
near-neutrally-buoyant ball traveled in the surf zone during 
a specific time period. These data are tabulated in 
Appendix 3. 
20 
Continuous wind records were collected approximately 100 
meters north of the profile location by a Climatronics Wind 
Mark I analog recorder. This instrument station, 
operational since 9 Jul 1980, measured wind speed and 
direction at a height of 10 m above the backbarrier 
surface. For each hour of record, values for average 
direction and average and peak speed have been transcribed 
and stored on computer disk. Also, notations of storm 
occurrences were made. These data were analysed using 
Statistical Analysis System (SAS) Institute Inc. (1982a,b) 
software f~r speed and directional frequencies on a seasonal 
and total basis. This statistical package is supported by 
the URI Academic Computer Center and may be accessed through 
the Prime Minicomputer. The programs written to perform 
these analyses are shown in Appendix 4. Since the quantity 
of tabled wind data is so voluminous (300 pages), it does 
not appear in an appendix. It is, ~owever, archived in the 
URI Department of Geology. 
On a much finer scale, the wind 
identify individual storm periods by 
data were used to 
noting abrupt, but 
sustained, wind direction shifts, increased average wind 
speeds, and a high frequency of gusts. These data were used 
to determine the duration, intensity, and tracks of storms. 
Additional storm tracks, covering the time period of the 
data set, were extracted from the Mariners Weather Log and 
the Daily Weather Maps published by the US Department of 
Commerce. Ultimately, modifications to tpe beach, observed 





related directly to these 
Principal components analysis (PCA) is a mathematical 
technique applied to large or diverse data sets to enhance 
manageability and interpretation. In this investigation, 
PCA was employed to condense the beach profile data set and 
delineate variability in three dimensions: horizontal, 
vertical,· and through time. The lateral dimension is not 
available because all of the profiles were surveyed at the 
same location throughout the study. A thorough description 
of this technique appears in Appendix 5. This appendix also 
contains pertinent references and the modified DeKay (1981) 
and SAS Institute Inc. (1982a ,b) computer programs used to 
expedite this analysis. 
OBSERVATIONS AND RESULTS OF DATA ANALYSES 
Beach morphology is a product of dynamic geologic 
processes operating continuously. These processes are 
generated by meteorologic and other physical conditions that 
either increase or decrease the effects of the waves, tides, 
and currents. Storm-generated waves along the Rhode Island 
coast produce explicit beach and shoreline changes. These 
modifications can be delineated by measuring beach profiles 
and monitoring various littoral and meteorological 
processes. 
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Analog Wind Data 
While waves do most of the work in beach and nearshore 
modification, winds are the dominant energy source for wave 
generation. The analog wind data, . recorded by the 
Climatronics Wind Mark I, were analyzed for a total of 16583 
hours. Rose diagrams plotted from these data indicate that 
average wind speed and direction varied considerably with 
season (Figs. 6A-F). During the fall and winter months, the 
most frequent winds originated in the north and west, while 
the lowest frequency, and proportionately highest (average), 
speeds were from the south and east quadrants. During the 
spring and summer periods, directional frequencies were more 
evenly distributed with a trend toward bimodality between 
northeast and southwest. A consistent exception to this 
even distribution was 





and summer wind 
As the seasons progress from winter, directional 
distributions change from the dominant north and west to a 
more uniform array in spring. As spring passes into summer, 
the prevailing southwest winds increase in frequency, while 
winds from the north decrease. In the fall, there is an 
abrupt shift back to high frequency north and west winds, 
and low frequency, high average speed, south and east 
winds. 
Anomalous directional frequency distributions occurred 
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Fig. 6 .-Wind rose diagrams plotted on a seasonal and 
total basis. Each diagram contains 12 subdivisions of 
thirty-degree ranges of average direction (from origination) 
which are also subdivided by the frequency percent of each 3 
m s-l range of average speed. N represents the total number 
of hours, or data points, used to calculate the frequency 
percent for that diagram. An open rectangle attached to the 
end of a directional subdivision signifies the frequency of 
directional data for which no speed was available. 
A) summer 1980 and fall 1980 
B) winter 1980-81 and spring 1981 
' C) summer 1981 and fall 1981 
D) winter 1981-82 arid spring 1982 
E) summer 1982 and fall 1982 
F) summary - summer 1980 to fall 1982 
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most often during 1982. It was a relatively non-stormy year 
for the U.S. East Coast that resulted in a uniform dispersal 
of winds during the winter (1981-1982), and a bimodal 
(northeast and southeast) distribution in the fall. Another 
unusual frequency distribution occurred during the summer of 
1980 when nearly 41% of the winds came from the southwest 
(210°-239°). 
The frequency of average and peak wind speeds was 
greatest during the winter and least during the summer. 
Speeds greater than 9 -1 m s were reached 15% of the time 
during the winter but only about 1% in the summer months. 
The mean frequency percentages for wind speeds less than 6 
m s-l, rank the seasons as follows: winter-44%; fall-52%; 
spring-73%; summer-91%. 
As with the directional frequencies, the speed 
frequencies also exhibited some uncommon values. During the 
summer of 1980, recorded wind speeds were higher than the 
seasonal mean; while only 52% of the wind speeds were less 
than 6 rn s- 1 , 13% were above 9 m s-l Another 
uncharacteristic season was the fall of 1982 when wind 
speeds were similar to a lower frequency storm period (i.e. 
summer). The frequency of speeds less than 6 m s-l was 83%, 
while only 3% were above 9 m s- 1 . 
Storm Tracks 
Seventeen individual storms were identified and tracks 
were plotted because they were observed to cause excessive 
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modifications in the profiles (Fig. 7A). They were found to 
occur most often during the winter and least often in the 
spring. During the summer, 
are frequently responsible 
shoreline erosion. 
tropical cyclones {hurricanes) 
for rapid and substantial 
Four major storm-track trends produce the most 
significant beach profile changes in Rhode Island (Fig. 7B). 
Two of these pass the immediate profile locale while the 
other two travel varying distances from this vicinity. The 
proximal tracks include: 1) extratropical cyclones moving 
southeast or east from the northwest, and 2) storms 
proceeding northeast along the U.S. East Coast that pass to 
the west of Rhode Island. The distal tracks consist of: 1) 
extratropical cyclones that approach from the Midwest and 
travel parallel to the St. Lawrence River Valley, and 2) 
Mid-Atlantic tropical cyclones {hurricanes) that curve to 
the northeast within a few hundred kilometers. 
Beach Morphology 
Introduction.-In this investigation, beach profiles from a 
single site were used to describe successive qualitative and 
quantitative morphologic changes while the beach was under 
the influence of various environmental parameters. 
Measurements were made at approximately one week intervals, 
except during anticipated periods of rapid topographic 
change (i.e. storms). At those times, surveys were made as 
freque_ntly as once per day: before, during, and after the 
32 
Fig. 7.-Storm tracks. A) Seventeen selected 
tracks identified as causing moderate and intense 
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storm until the rate of change decreased significantly. 
Morphologic descriptions were therefore based upon 
erosion-accretion relationships that reflected the changing 
process variables (e.g. winds, waves, and tidal range). The 
following section will categorize the various profile types 
by distinguishing the processes responsible for their 
shape. Appendix 1 contains an in-depth description of 
individual erosion-accretion events and major trends over 
the full five-year time series. 
Profile Characteristics.-The terminology used to describe 
the beach profiles was derived from King (1949) with 
additions by the Coastal Research Group (1969), CERC (1973), 
and Boothroyd et al. (1978). The computer-plotted profile 
shown in Figure 8 contains many of the morphologic features 
that will be discussed throughout this paper. It should be 
noted that all of the characteristics of this early 
post-storm recovery beach do not appear in all profiles. 
The most common geomorphic features include a single low 
f oredune, flat to gently landward-dipping berm top, and a 
shallow to steeply-dipping beachface that ends at the plunge 
step in the breaker zone. 
A visual examination of the 286 beach profiles in this 
data set reveals three major profile shapes. The three 
configurations are classified by the wave climate 
responsible for their shape: storm, post-storm recovery, and 
fairweather accretionary. Depending upon the frequency and 

















































































































































































































































































each beach type may • be seen within other types during all 
seasons. 
During moderate and intense storms, rapid concentrated 
erosion occurs initially as plunging breakers and a high 
velocity swash-uprush suspends sediment on the beachf ace. 
This suspended sediment can then be carried seaward by the 
backwash. As the storm surge increases, large vo1umes of 
water swash over the berm crest and ponds on the berm top or 
continues landward as overwash (Fig. 9A). water trapped on 
the berm top transports sediment parallel to shore in berm 
top runnels toward topographic low regions in the remaining 
berm crest. At those locations, steep-gradient return-flow 
channels are excavated rapidly, at upper flow regime 
velocities, perpendicular to shore (Fig. 9B). 
The storm beach typically exhibits a wide, shallow-arc, 
concave beachface, and a rounded or scarped berm crest that 
is landward of its pre-storm position (Fig. l0A-B). During 
severe storm events or high frequency storm periods, dune 
scarp retreat and the exhumation of former-backbarrier salt 
marsh peat has been observed. Berm erosion, to about tbe 
level of mean low water, results in the loss of 10-20 m3m-l 
of beach sediment during moderate storms, while 25-50 m3m-l 
has been eroded during intense storms (e.g. 6-7 Feb 1978, 
21-22. Mar 1980, 24-25 Oct 1980). Table 1 lists the annual 
frequency of storms in these categories. Mild storms are 
not represented because the erosion potential is so small 


















































































































































































































































































































































































































































































































































































































































































low energy events. Additionally, the loss of less than 10 
m3m-l of sediment was sometimes attributable to a survey 
being made through the embayment of a beach cusp and thus 
was not necessarily storm related. 
TABLE 1.-Annual Storm Occurrence 
Annual Period 
-----------October 1977-September 1978 
October 1978-September 1979 
October 1979-September 1980 
October 1980-September 1981 
October 1981-October 1982 
3 -1 a - 10-20 m3m_1 of sediment eroded b - 25-50 mm of sediment eroded 
Storm Type 












Sediment texture and composition are other indications 
of higher energy events. Heavy mineral layers, produced by 
hydraulic sorting (Slingerland 1977), have attained 
thicknesses of 25 to 30 cm on Charlestown Beach. This is 
evident in a trench dug in the landward portion of the berm 
top after the blizzard of 6-7 Feb 1978 (Fig. 11). The dark 
wedge of heavy minerals (garnets, amphiboles, and black 
opaques (McMaster 1960)) truncated formerly plane-bedded, 
berm top deposits and was covered subsequently by 
waning-stage storm and high tide deposits. These later 
sediments consisted of thinner layers of intermixed heavy 
mineral and coarse felsic sands. 
































































































with sediment returning to the • beach in the form of swash 
bars prograding landward across the low tide terrace. These 
swash bars are broad, convex depositional features that 
advance by swash processes. The advancing slipface is of 
variable relief (10 to 50 cm) and migrates rapidly, usually 
welding to the concave beachface within a few tidal cycles 
(Fig. 12). Prior to welding, the region between the 
advancing swash bar slipface and the beachface acts as a 
return-flow channel. - - This runnel conveys water that had 
swashed across the top of the bar, around the landward 
perimeter until it returns to the surf zone. 
Over successive tidal cycles, a convex depositional 
bulge, or incipient berm, forms on the lower beachface. As 
the slope of the· accreting beachface increases (to about 
5°-6°) by swash . deposition, a distinct berm crest forms 
above the level of mean high water, near the limit of the 
high tide swash. The distance of this new crest from the 
storm berm crest, and its relative height, is a function of 
the tidal phase. Spring tides (maximum of 1.8 m, NOAA 
1976-1981) produce recovery crests higher and further 
landward than neap tides. This post-storm recovery, usually 
completed within 4 to 7 days, is well illustrated by the 24 
Mar-7 Apr 1978 sequence of beach profiles (Fig. 13). 
Periods of fairweather wave climate provide conditions 
that promote profile growth. A newly formed berm crest will 
continue to accrete higher and more landward until the tidal 





















































































































Fig. 13.-Post-storm recovery profile sequence, 24 Mar-7 
Apr 1978. Swash bar welding and neap berm development 
occurred within 3 days. A distinct spring berm formed 
during the subsequent week. Dot pattern = accretion; 
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range drops to neap conditions, the beach will commonly 
build seaward by the addition of a neap berm. Prolonged 
periods of fairweather conditions will replicate this 
accretionary cycle and produce a high depositional beach 
(Fig. 14). The series of profiles leading up to 5 Sep 1979 
illustrates this process. 
During periods of higher storm frequency (i.e. late fall 
and winter), the beach commonly exhibits a low depositional 
profile. This donfiguration consists of a wide, 
seaward-sloping or slightly-convex berm top and beachface 
with a subtle berm crest (Fig. 15). 
Mature profiles often exhibit -Qoth erosional and 
depositional features due to the synergistic effect of the 
tide range and the seasonal change in storm frequencies and 
intensities. The triple berm of 6 Jun 1979 is an example of 
this phenomenon. By visually comparing each profile in 
reverse chronological order, the date of the last 
modification to each geomorphic feature could be 
determined. _ The landward-most berm crest began accr~ting 
after a severe storm (24-25 Dec 1978) eroded the berm to the 
foredune ramp. This region experienced cycles of deposition 
and erosion until a high storm berm was formed on 30 Apr 
1979 (Fig. 16A). The middle berm was deposited during the 
next two spring tides, with the last detectable change on 26 
May 1979. Finally, the seaward-most berm accreted during the 




























































































































































































































































































































































































































































































































































































































































































Principal Components Analysis 
Introduction.-Principal components analysis is 
mathematical technique used to consolidate large data sets 
by accounting for a large proportion of the variance in only 
a few functions. Using this technique, 286 beac;:,h profiles , 
(observations) with 100 elevations per profile (variables), 
were reduced to 3 X 100 variable eigenfunctions (plus a 
100-var iable mean beach profile) and 3 sets of 286 
coefficients. This 95.6% reduction in the number of 
variables to evaluate, accounts for 91% of the total 
variance in the original data set. Table 2 documents the 
individual and cumulative percentage of variance accounted 
for by the three largest eigenvalues used in this study. 
TABLE 2.-Percentage of variance accounted for by 
the largest three eigenvalues 
--·------ - ---------- -----
Eigenvalues 
Time Period 1 2 3 
• ------------·- -----· 
October 1977-March 1978 53 29 (82) 9 (91) 
October 1977-September 1978 63 15 ( 7 8) 13 (91) 
October 1978-September 1979 77 10 (87) 6 (93) 
October 1979-September 1980 75 16 (91) 4 (95) 
October 1980-September 1981 74 16 (90) 5 (95) 
October 1981-October 1982 61 17 ( 7 8) 10 (88) 
October 1977-October 1982 63 20 (83) 8 (91) 
------------
) - cumulative percent 
The following sections describe, respectively, the 
analysis of the five-year data set taken as a whole, and 
then each year individually. A description of this 
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technique and the computer programs used to perform these 
analyses appear in Appendix 5. Also included in that 
appendix are tips on interpretation and recommended 
mathematical and geologic references. 
Five-Year Eigenfunction Analysis (286 Profiles) .-The first 
eigenfunction shows that 63% of the above MLW profile 
variance occurs across the berm top and beachface, in the 30 
to 80 m range (Fig. 17) . Erosion and accretion are both 
represented by the single, large postive region along the 
eigenfunction profile. They are not shown to occur 
simultaneously since there is no conjugate, negative 
region. Sediment must, therefore, be exchanged with regions 
beyond the limits of the mean profile (i.e. landward or 
seaward). Since the frequency of exchapge is principally 
seaward, the first eigenfunction indicates an alternating, 
unidirectional transport of sediment to, and returning from, 
the nearshore. This is the dominant mode of sediment 
movement during erosional events or post-storm recovery and 
fairweather periods. This onshore-off shore interpretation 
is supported by the eigenfunction 
beach-nearshore surveys of DeKay (1981). 
analysis of the 
In that study, the 
first eigenfunction exhibits conjugate positive and negative 
regions of profile variability representing a beach and 
near shore sediment exchange. DeKay' s second eigenfunction 
indicates profile change predominantly on the beachface and 
shoreface and was interpreted to depict longshore 
transport. 
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Fig. 17.-Five-year mean beach profile and first three 
eigenfunctions, 1 Oct 1977-22 Oct 1982. The 1st 
eigenfunction, which accounts for 63% of elevation variance 
from the mean beach profile, indicates an onshore-offshore 
exchange of sediment during either erosional events or 
accretionary periods. The 2nd eigenfunction corresponds to 
(mean profile) beachface-bermtop exchanges of sediment. The 
































MEAN BEACH PROFILE 
01 OCT 77 - 22 OCT 82 
------ - -------- -------- ------- -------- -------- ------- -----~- ,,__  __,,....,...._ 
: MLW 
I 
10 20 30 40 50 60 70 80 90 100 
METERS FROM DATUM STAKE 
1sT EIGENFUNCTION 
63% OF VARIANCE 
2ND EIGENFUNCTION 
20% OF VARIANCE 
3Ro EIGENFUNCTION 
8% OF VARIANCE 
63 
An intial inspection of Figure 18 (pocket of inside rear 
cover) shows a high correspondence in shape between the time 
series plots of profile volume and the 1st temporal 
coefficients. A Pearson-r correlation coefficient was 
calculated to determine the degree of linear relationship 
between these variables (SAS 1982b). A very high coefficient 
was obtained (r=0.97), indicating that 94% (r 2 - coefficient 
of determination) of the variance in profile volume is 
accounted for by the temporal coefficients of the 1st 
eigenfunction. In other words, the majority of changes in 
profile volume occur within the region of 1st eigenfunction 
profile variability and are interpreted to result from 
onshore-offshore transport. 
The second eigenfunction, which describes 20% of the 
variance, reveals a large negative maximum on the landward 
portion of the profile, a zero variability crossover at 53 
m, • and a smaller positive maximum on the seaward portion 
(Fig. 17) . This configuration corresponds to a 
beachface-berm top sediment exchange (Figs. 19A-B). Large 
positive coefficients account for severe berm erosive events 
(e.g. 9 and 26 Nov 1977, • 21 Jan 1978, 7 Feb 1978, 22 Mar 
1980, and 26 Oct 1980), as well as periods of seaward growth 
of the profile (e.g. summers of 1978, 1979, and 1980), 
depending upon which region of the mean profile is 
affected. Negative coefficients reflect periods when berm 
top accretion (or non-erosion) occurs to a greater extent 
than, or in conjunction with, beachface erosion. The period 
64 
Fig. 18 (in pocket)-Profile volume and temporal 
coefficients associated with the first three eigenfunctions, 
1 Oct 1977-22 Oct 1982. The coefficients provide an 
indication of the relevance a specific eigenfunction has in 
describing the change observed in each beach survey. The 
greater the deviation of each real profile's elevation from 
the mean beach profile, the greater the value of the 
coefficient (both positive and negative), and the more 
applicable the associated eigenfunction. When comparing a 
coefficient to its related eigenfunction, a general rule can 





of the corresponding 
eigenfunction, whereas, positive (negative) coefficients 
reduce negative (positive) portions. Geologically, this 
refers to accretion and erosion, respectively. The mean 
profile volume of.177 m3m-l is denoted by a horizontal line 
through the data. The zero line in each of the three 





































































































































































































































































































































































































































































































































































































































































































between March 1981 and October 1982, and the profile 
comparison in Figure 19B, illustrate, respectively, these 
situations. 
The third eigenfunction, which accounts for only 8% of 
the profile variance, also indicates an exchange of 
sediment. However, due to its small amount of variance 
described, it is somewhat more difficult to interpret 
geologically. This function is most pronounced just seaward 
of the (mean profile) foredune, a region of infrequent 
change. Negative, or negatively directed, coefficients 
often indicate erosion in this locale (e.g. 9 Nov 1977, 26 
Nov 1977, 10 Jan 1978, 7 Feb 1978, and Feb 1979). Positive, 
or positively directed coefficients, reflect periods of 
whole profile accretion (e.g. summer 1979), overwash events 
(e.g. 12 Oct 1982), and dune fill (e.g. 5 Nov 1977 and 20 
Nov 1977). 
Yearly Eigenfunction Analysis.-Throughout the five year 
study period, the beach experienced varying wave climates 
and possibly fluctuations in sediment availability. This is 
reflected in the yearly eigenfunction profiles. While the 
same basic functions recur, the reg ions of profile 
variability change significantly. 
During the first year of study, October 1977 through 
September 1978, major profile changes took place in the 
foredune locale. This is indicated . by the small, but 
distinct, negative portion of the 1st eigenfunction, an 
additional landward segment of the 2nd, and the large 
68 
positive portion of the (Fig. 20A). These 
characteristics do not appear in later years and reflect 
major changes such dune scarp retreat and episodes of dune 
fill. The 1st temporal coefficients clearly depict a 
seasonal trend for onshore-offshore transport, while the 3 rd 
provides a more storm-dependent fluctuation (Fig. 20B). This 
is indicative of the frequency with which storms affect the 
respective regions of the profile. 
During the second year, October 1978 through September 
1979, the 1st eigenfunction displays a region of profile 
variability, 20 to 90 m, that is the most expansive of the 
yearly analyses (Fig. 20C). A bimodal distribution appears 
which accentuates the region of voluminous summer 
accretion. From the large proportion of variance described 
by this function, 77%, in conjunction with the reduced 
amounts explained by the 2nd and 3 rd , I infer that this was 
the dominant mode of sediment transport throughout the 
year. The 1st coefficients again display a seasonality, 
with the winter being the most sediment-deficient season 
(Fig. 20D). This contrasts with the previous year when most 
erosion occurred in the fall. The 2nd and 3 rd coefficients 
support the vertical and seaward accretion between March and 
August 1979. 
The 1st . eigenfunction of the third year, showed a 
reduced region of profile variability from the previous year 
(Fig. 20E). The 2nd function reveals an enlarged landward 
section which probably reflects the changes produced by the 
69 
Fig. 20. -Yearly mean and eigenfunction profiles, and 
profile volume and temporal coefficient time series. 
A) eigenfunction profiles - 1 Oct 1977-28 Sep 1978 
B) volume and coefficients - 1 Oct 1977-28 Sep 1978 
C) eigenfunction profiles - 11 Oct 1978-28 Sep 1979 
D) volume and coefficients - 11 Oct 1978~28 Sep 1979 
E) eigenfunction profiles - 5 Oct 1979-26 Sep 1980 
F) volume and. coefficients - 5 Oct 1979-26 Sep 1980 
G) eigenfunction profiles - 4 Oct 1980-25 Sep 1981 
H) volume and coefficients - 4 Oct 1980-25 Sep 1981 
I) eigenfunction profiles - 2 Oct 1981-22 Oct 1982 
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severe storms of 12 Jan 1980 and 22 Mar 1980. The 1st 
coefficients again support a seasonal trend, with the major 
episodes of erosion occurring during the winter (Fig. 20F). 
The.largest loss of profile elevation (when compared to the 
mean profile), during any individual year, occurred on 22 
Mar 1980 and is indicated by all three coefficient spikes on 
that date. 
Throughout the final two years of the study period, the 
1st eigenfunctions display small regions {about 35 m) of 
profile variability {Figs. 20G and 20!). However, the 
location of maximum variance shifts 10 m landward (to 50 m) 
during October 1980-September 1981, but progrades seaward 
again, to 60 m, during the following year. The 1st 
coefficients are of smaller magnitude and exhibit 
successively less_ seasonality and more storm-dominance than 
previous years (Figs. 20H and 20J) . The magnitudes of the 
2nd and 3 rd coefficients are also reduced in comparison and 
indicate a small amount of profile elevation variability. A 
major change in the foredune region is clearly indicated by 
the 3 rd eigenfunction and coefficients. They distinctly 
show the storm and overwash event of 12 Oct 1982, which 
deposited up to 50 cm of sediment in the 11 to 33 m range of 
the mean profile. 
DISCUSSION 
Meteorological Aspects 
The seasonal shift in the temperate storm belt has a 
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significant effect on storm track and the resultant wind 
direction frequency distributions presented in this study. 
Holcombe (1958) observed that the mean latitude of gale 
force winds (17 m s-l or greater) is 62°N in the summer and 
46°N in winter. Since Rhode Island is situated in the 
mid-latitude Westerlies, this seasonal shift produces the 
prevailing north and west winds and dominant southeast and 
northeast winds during the winter, and the prevailing 
southwest winds in the summer. Aided by the Bermuda High 
(pressure systems) and the fairweather sea breeze, the 
southwesterly component becomes very strong during the 
summer. 
The four major storm tracks (Fig. 7) produce extended 
periods of south and southeast winds (except the 
mid-Atlantic distant tracks) and incident waves with a long 
fetch which are responsible for the greatest beach effects 
on this east-northeast trending shoreline. These prolonged 
periods are due to the storm path in relation to the profile 
site and the counterclockwise roovement of winds around the 
low pressure center. Storms th~~-~~I?roach from the south or 
west and travel to the north and west of Rhode Island have 
the potential to be the most erosive. Onshore high speed 
winds associated with these storms have persisted for 36 
hours producing 2-3 m waves (e.g. 24-25 Oct 1980). 
The typical New England Nor'easter is not a major threat 
to the south shore of Rhode Island unless it is 
exceptionally intense or slow moving, and of close passage 
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(e.g. Blizzard of 6-7 Feb 1978). Commonly accompanying these 
storms are short duration (less than 12 hours), but high 
average speed, southeasterly winds, that switch rapidly to 
the northeast when the depression passes to the east. This 
produces offshore winds which aid in the deflation of 
incident waves (Owens 1977) and may serve to enhance onshore 
sediment transport (King 1972; CERC 1973; Komar 1976). 
Eolian processes have been observed on Charlestown Beach 
throughout the course of this study. The degree of profile 
modification is difficult to determine from the plotted 
profile data but is considered to be s~all. However, field 
observations often included notations of small-scale eolian 
ripples on the berm top and occasional wind-shadow deposits 
between the two houses on the f oredune. These processes 
have also been observed to round-off the tops of storm-berm 
beach scarps (over weeks to months), if they remain 
unaffected by wave processes. 
Beach Morphology 
The degree to which beach profiles may be qualitatively 
and quantitatively described depends upon the time interval 
between surveys and the accuracy of the representation of 
the geomorphic features. In this study, profiles were 
measured a maximum of once per day but more commonly at 
weekly intervals. At this survey rate, it would be 
initially difficult to determine, with any certainty, which 
geologic processes were represented in the formation of each 
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profile. However, as more profiles and littoral 
measurements, under varying conditions, are added to the 
data base, the hindcasting of process-response relationships 
becomes more accurate. Additionally, the close spacing of 
elevation readings along each profile provides a detailed 
view of the topographic variations that occurred between 
surveys. This detail provided the framework for the 
classification of the major profile types and the sediment 
transport modes represented by the three eigenfunctions. 
Figure 21 provides a summary of the erosion-accretion 
relationships and the approximate time frame needed to 
produce the various beach states. The abundant beach data 
also allowed the delineation, or inference, of more subtle 
processes and beach states that enhanced beach accretion or 
erosion. Some of these include: tidal range, storm 
frequency and intensity, and pre-storm beach configuration. 
The elevation of berm development above mean low water 
is affected most by the wave climate and tidal range. While 
the mean tidal range along the southern Rhode Island shore 
is 1 m, this can increase to about 1. 8 m during maximum 
spring (perigean) tidal conditions. As a result, swash 
processes are capable of covering a greater portion of the 
berm, and sediment transport will occur above the level of 
mean high water. Over a few tidal cycles, deposition 
commonly occurs landward of the seaward-most berm crest. As 
the level of the berm increases, swash energy is dissipated 
































































































































































































































































































































































































































































































































































































































































seaward progradation. This mode of sediment transport is 
exemplified by the accretionary phase of the 2nd 
eigenfunction. 
A tidal phenomenon known as per igean spring tide has 
been associated with excessive coastal flooding (Wood 1978) 
and caused both enhanced erosion and accretion during short 
periods of this data set. The alignment of Sun, Earth, and 
Moon (syzygy) during the close passage of the Moon to Earth 
(perigee), produces an increased lunar attraction and 
resultant tidal range. If syzygy and perigee occur within 
10-36 hours, the tidal condition is termed perig~an. 
Proxigean tides result from an especially close passage of 
the Moon while the separation-interval of syzygy and perigee 
is 10 hours or less (Wood 1978). If accompanied by a storm 
with strong onshore winds, a severe storm -surge will often 
cause intense beach erosion and overwash. Some of the 
largest, single event, episodes of erosion occurred at these 
times (e.g. 8-9 Jan 1978, 6-7 Feb 1978, 24-25 Oct 1980-a 
proxigean spring tide). 
Under fairweather conditions, berm elevations increase 
significantly during perigean tides. Examples include: the 
70 cm of vertical accretion associated with the per igean 
tides of 17-20 Jul 1978, 100 cm during 27-30 Jan 1979 
(proxigean), and the 60 cm in two tidal cycles during 26-27 
Oct 1980 (proxigean). These short depositional periods have 
provided loci of relative berm stability for various amounts 
of tiroe. During the fairweather phase of June to December 
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1978, a high berm crest was maintained at a distan~ seaward 
position with only occasional minor modifications. 
The tidal range also influences the rate of post-storm 
recovery. Coastal regions with microtidal, or nontidal 
(e.g. Lake Michigan), ranges have high rates of swash bar 
migration and berm development. This occurs primarily 
because of the amount of time the intertidal sand bodies are 
subjected to wave processes during a tidal cycle (Davis et 
al. 1972). In microtidal environments, submergence of 
intertidal zones is longer than in mesotidal environments 
and waves can, therefore, effect modifications for a longer 
time. Other factors, such as grain size and beach and 
nearshore slope, are also important (Hayes 1972) but changes 
in these variables occur at a much slower rate than wave 
climate and tidal range. 
The Charlestown Beach, RI, example exhibits swash bar 
migration and welding within a few tidal cycles and distinct 
berm development within a total of 4-7 days (Figs. 13 and 
21) . This agrees well with rates described for microtidal 
Nags Head, NC (Sonu 1968) and the Magdelan Islands, Quebec 
(Owens and Frobel 1977). The nontidal beaches of Lake 
Michigan experienced swash bar welding in 6 days, with berm 
formation in an additional 3 days (Davis et al. 1972). These 
rates contrast with those of mesotidal regions such as Crane 
Beach, MA (Boothroyd 1969), Plum Island, MA (Hayes and 
Boothroyd 1969; Abele 1977) and Nauset Beach, MA (Hine 
1979), where similar developments took from 2 to 6 weeks. 
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In some of these mesotidal cases, large swash bars form 
(about 2 m of relief) and cease migrating since the swash 
processes fail to consistently overtop the bar. Berm 
development continues on the seaward face of the swash bar 
with only ephemeral activity in the runnel. The scale and 
longevity of these Massachusetts depositional units have not 
I 
been observed on Charlestown Beach. 
Storms modify beaches by producing a shape that varies 
with season, storm intensity and frequency, and pre-storm 
configuration. Autumn storms are commonly more erosive than 
winter storms due to the reflective nature of the late 
summer accretionary beach. After the first few autumn 
storms, the profile is usually reduced in height with some 
sediment redistributed seaward, producing a more dissipative 
late fall and winter beach (Fig. 15) (DeKay 1981; Wright and 
Short 1984). 
Intense storms often cause extreme berm erosion and may 
also result in foredune retreat and/or backbarrier accretion 
by overwash. These events are infrequent (1-2 per year, 
Table 1), but can produce long-term, persistent changes. 
For example, the sediment eroded from the f oredune scarp 
during the fall and winter of 1977-1978, has only been 
replaced partially during the overwash events of October 
1980 and October 1982 (Fig. 22). A net loss of sediment 
still exists in this region and it is unlikely that the 1 







































































































































































































































































































Moderate storms, on the order of 6-7 per year, cause 
more frequent beach changes than the intense storms. These 
changes may result in storm (erosional) berms, berm runnels, 
and berm top accretion, that can later be modified by other, 
more common, processes (i.e. spring tides and mild storms). 
High frequency storm periods (i.e. fall and winter) 
and/or intensities, can act synergistically to produce beach 
changes that would simulate the effects of a single, more 
potent storm. The Blizzard of 6-7 Feb 78 occurred after a 
seri~s of five, closely spaced, January 1978 storms. Each 
of the post-storm recovery periods was short and berm 
development was minimal. This left the immediate 
pre-Blizzard beach in a severely diminished state. Thus, 
even though the Blizzard attained a "Monster of the Month" 
rating (Mariners Weather Log, May 1978, v. 22), the storm 
effects (i.e. beach erosion and extensive overwash) were 
probably accentuated by the eroded pre-storm configuration. 
Beach modifications during the 20-21 Mar 1980 storm were 
also amplified in a similar manner. These examples contrast 
with the beach state and results of the 24-25 Oct 1980 
storm, where a large pre-storm beach prevented substantial 
backbarrier overwash, foredune retreat, and property 
damage. Since these did not occur, this severe storm might 
easily be overlooked (by the layman or non-coastal 
geologist) as a major geologic event. How~ver, as part of 
coastal management policy, the public should be made aware 
of the high variability of beach states and the destructive 
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potential of this type of storm. 
Beach Cycles 
Previous geologic work on the south shore of Rhode 
Island has substantiated that the beaches tend to be storm 
dominated with some degree of seasonal fluctu.ation (Kaye 
1960; McMaster 1961-present; Boothroyd et al. 1978; 
Boothroyd and O'Brien 1980; DeKay 1981). The profile volume 
and temporal coefficient data presented in this study also 
support this conclusion. Storm cycles are characterized by 
the rapid onset of volumetric reductions and increased 
coefficient deviations from the mean. This erosion is 
'----
followed b c!.__tec_oy:.er_y. .p.er.Lod __ of_ 4_ t.o_ 1. days~. (Figs. 18 and 
21) . welding and berm ~· ___ .. _______ ,;-.---
c.hange_tbe_ p~of ile configuration from concave to 
• """" --- • -- ,_,._,, -- ---·· -~- ~ . ....., °"' ·- -· '• 
~- These processes increase the profile volume and ------ - - ·-· • ----- _,.. 
beach elevation, p~odµ~ing the peakedness of the time series _-,----- - . ••• •• • • -- ~ - ·-·- -••.-- ·-
curves (e.g. 7-10 Feb 1978, 22-28 Mar 1980, 26-30 Oct 1980). 
Wh,!J_e ~hese cy_cles are consider~d- __ /?h<?.~.!=-=ter_!Il_t_ _ ~!orms can -- • """-~-~----
induce longer-term (months to ye~rs) profile changes. 
-- - .,,.,._---- ---... _, .......__.,,___ --- -----
Erosion in one region of the profile that infrequently 
experiences (e.g. foredune) change would carry a net 
sediment deficit through each subsequent profile volume 
calculation. This may be compensated for by the 
incorporation of eroded sediment, and added volume, into 
another portion of the profile. This type of sediment 
redistribution was also noted by DeKay (1980, 1981) on East 
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Beach, RI, after completing beach and nearshore surveys over 
the course of three years. 
Intense. storms occasionally result in the transport of 
sediment beyond the region of short-term recovery (i.e. 
onshore as overwash, farther offshore, or through inlets to 
flood-tidal deltas). Extensive berm erosion during the 
24-25 Oct 1980 storm produced a nearshore bar and distal 
sand sheet (DeKay 1981) that extended beyond the limit (5-6 
m below MSL) of major sediment exchange delineated by 
DeKay's first 3 eigenfunctions. This loss of sediment may 
be responsible for the limited summer of 1981 beach 
rebuilding (Fig. 16H), but probably not for the following 
year as well, particularly since it was a period of low 
storm intensity. 
Superimposed on the short-term, storm-fairweather cycles - ___ ,.... __ ·-~··--- - ,_ .. _________ .... .- .. , ... 
are longer-term seasonal fluctuations. The· higher storm 
frequency (and often intensity) associated with the fall and 
winter seasons, is more conducive to greater beach and dune 
erosion than are the predominant fairweather conditions of ----. .,._ - .. .... ... . - ,,,,_ ____ . --- ..... ., . .__ ~.,...--
spring and summer. A comparison of the profile volume trend 
....... ,_-.....-.. _____ ... , ....... - ...... - -·. 
with storm frequency (Fig. 18 and Table 1, respectively) 
confirms the general relationship between smaller profile 
volumes and a greater periodicity and/or intensity of storms 
(e.g. 1977-1978 and 1979-1980). Conversely, during years of 
--~------ --------------- ---
reduced ___ storm occur re nc ~, __ J?-J.: o_f iJ. EL_J(.9_~_;1~:.,. ~ ~-n~~~o _ _i n.c r. e.as.e--• 
(e.g. 1978-1979). 
During the first 3 years, the degree of summer accretion 
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appeared to be a function of the previous winter's erosion, 
or storm effectiveness. While each of the winter-summer 
volumetric differences was about 35-40 3 -1 m m , the gross 
summer volumes were smaller after erosional winters (e.g. 
summers of 1978 and 1980} and larger after less erosional 
ones (e.g. summer of 1979}. However, this relationship does 
not account for the lack of significant seasonal signature 
during the remaining 2 years of the data set. This suggests 
that a situation more complex, or of longer term, than just 
storm and seasonal cycles influences the morphodynamics of 
sediment distribution. The most plausible explanations for 
these sediment budget fluctuations are long-term sediment 
storage offshore, and complicated alongshore erosion and 
sediment transport. 
Since an empirically derived sediment budget has not 
been quantified for any portion of the Rhode Island coast, 
it is difficult to substantiate a causal relationship 
between longshore transport and profile volume. However, 
this can be inferred from previous observations and data 
analyses. DeKay (1981) supported an alongshore 
redistribution of sediment by distinguishing (beach and 
nearshore) profile changes that reflected collective pulses 
of sediment transport under both storm and fairweather 
conditions. He interpreted his 2nd eigenfunction as 
representing this mode of sediment movement. Additionally, 
DeKay observed that rip currents associated with littoral 
circulation cells do not tend to reoccupy the same positions 
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through time. This alongshore redistribution of sediment 
may produce the variations in nearshore topography that 
could account for the erosional and depositional cycles seen 
in the time-series diagrams. 
Other evidence to support this longshore transport mode 
can be found in the volumetric time-series plots of a 
one-year (July 1982-July 1983) , 15-prof ile study on 
Charlestown Beach, RI. Blais and Boothroyd (1984) utilized 
successive beach profiles to show a shift in the beim volume 
to the west during the storm-dominated, southeasterly wave 
climate of winter. 
On a somewhat more complex time scale, Clarke and Eliot 
(1982) and Eliot and Clarke (1982) have distinguished 
separate seasonal and biennial cycles of sediment exchange 
along Warilla Beach, New South Wales, Australia. They 
utilized volumes of horizontal beach slices from 18 closely 
spaced profiles to define cycles with 24-, 12-, and 6-month 
periodicities. The combined effect of these cycles 
alternately reinforces accretion and erosion in successive 
years at different sections of the beach. 
Beyond these 1-2 year cycles, longer term and larger 
scale (global) climatic fluctuations may be ultimately 
responsible for littoral sediment redistribution. An 
example is the El Nino/Southern Oscillation (ENSO) that 
recurs every 2-10 years, or an average of every 4 years, in 
the subtropical Pacific Ocean (Cane 1983). This phenomenon 
is caused by the relaxation of easterly equatorial winds and 
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the migration of warm water to the east. As a result, sea 
surface temperatures and sea level pressures increase and 
produce an intensification and southward displacement of the 
westerly jet stream (Rasmusson and Wallace 1983). The ENSO 
of April 1982 to September 1983 resulted in an unusual 
number of intense winter storms in the southwestern U.S. and 
• produced anomalously warm and non-stormy conditions in the 
north and eastern U.S. This ENSO may have been responsible 
for the summer-like frequency of wind directions during the 
fall of 1982 (Fig. 6E}. The beach response during this 
period was favorable, exhibiting an accretional trend 
through the winter of 1982 and into the summer of 1983 
(Blais and Boothroyd 1984). The 1982-83 ENSO was unusual in 
that previous ENSO events have produced excessively cold 
winters over the eastern U.S. (e.g. 1976-1977 and 1977-1978} 
and were probably responsible for the severe storms that 
enhanced dune and beach erosion during those periods. The 
reasons for the differences in temperature and storm 
intensity from one ENSO to another are unknown. 
Principal Components Analysis 
Prior to the use of principal components analysis, beach 
profile variability was often determined by the direct 
comparison of the individual profiles, or by single-value 
representations of each profile plotted in time series (e.g. 
volume, or distance to a specific geornorphic feature). 
These techniques relied heavily on individual comparisons 
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rather than on variability ascribed to the entire data set. 
Principal components allow a more in-depth evaluation of the 
regions and the magnitude of major modes of beach change 
(eigenfunctions), while simultaneously allowing the 
comparison of each profile's contribution to that mode 
(coefficients). The use of this technique still requires 
the incorporation of the original beach data into any 
interpretations. 
The significance of each eigenfunction used in this 
study was determined by its applicability to the observed 
beach data. Eigenfunctions ranked lower than 3 rd (with mean 
extracted) were not used since they were geologically 
uninterpretable and accounted collectively for less than 10% 
of the total profile variance (Table 2). 
The regions of profile variability, defined by each 
eigenfunction, are dependent upon the occurrence and 
magnitude of beach elevation changes in that region (Fig. 
17). The 1st eigenfunction exhibits the most frequently 
active region of the profile - the beachface and berm top. 
The onshore-offshore transport attributed to this function 
occurs during energy level fluctuations associated with 
storms, accretionary periods, and tidal phases. 
Distinguishing this as the dominant transport mode is a 
conclusion supported by other eigenfunction analyses (Winant 
et al. 1975; Aubrey 1979; DeKay 1981; Clarke and Eliot 
1982). 
Since the 1st eigenfuncticm encompasses all the beach 
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states and is affected by all the process variables, it is 
not a function tailored to specific change. The lower 
ranked eigenfunctions 
activity and the 






eigenfunction (Fig. 17), with its enlarged landward section, 
is influenced by less frequent and higher energy events 
(i.e. mild and moderate storms and spring (perigean) tides) 
to produce beachface-berm top exchanges. The 3 rd function, 
which shows change over the entire profile, becomes most 
important during dune activity (i.e. erosion due to intense 
storms or overwash), an even less frequent change. (Note: 
The ~percentage of total variance accounted for by each 
eigenfunction cannot be used as a frequency (i.e. 
quantitative time interval) of change since sporadic 
modifications to more-landward portions of the profile (e.g. 
foredune erosion) can exert long-term effects on profile 
configuration (i.e. beach elevations in a certain region of 
the profile).) 
Throughout each of the five yearly analyses, the 
eigenfunction regions of profile variability changed shape, 
location, and rank in response to the dominant process 
variables during each year (Figs. 20A-J). For example, 
during periods of frequent and intense storms (e.g. 
1977-1978, Fig. 20A-B), extensive foredune erosion and 
narrow berm geometries produced eigenfunctions, and 
associated coefficients, that accentuated these geomorphic 
characteristics. This concept is also expressed during 
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periods of berm widening and profile accretion. The 
inconsistency of eigenfunction shape at Charlestown 
contrasts with the apparent stability of West Coast 
eigenfunction profiles (Winant and Aubrey 1980). Their use 
of four, successively overlapping (cumulative), years of 
profile data to calculate the eigenfunctions, may result in 
the successive dilution of each year's individuality. An 
alternate explanation could be that the Rhode Island 
eigenfunctions accentuate a higher degree of profile 
variability due to the annual fluctuation of local 
storm-dominance, while those from the West Coast reflect the 
distinct seasonality of the beaches. 
The degree of eigenfunction transformation is seen 
dramatically in the comparison of eigenfunction profiles 
from two overlapping, varying length (6 and 12 months) time 
series (Fig. 23). The six month period (1 Oct 1977-31 Mar 
1978) incorporated the most severe foredune and beach 
erosion of the data set. The 1st function, which accounts 
for only 53% of the profile variance, exhibits a 
foredune-berm exchange of sediment in response to the 
frequent storms. The 2nd function, which accounts for an 
uncommonly large 29% of the variance, reflects the excessive 
dune erosion that resulted in a net retreat of 20 min five 
months (Rosenberg and Boothroyd 1984). The 3 rd function 
represents the minor amount of berm recovery, with sediment 


























































































































































































































































































































































































































































































































































































































































































































































When an additional six months (through 28 Sep 1978) are 
analyzed with the initial time series, the eigenfunctions 
reorganize to describe the redistribution of sediment on an 
annual basis. In other words, they now account for the 
spring and summer recovery, as well as the fall and winter 
erosion. With enhanced berm development, the range of the 
1st • f t • 1 d • d. 1 d 10 d e1gen unc 10n en arges an 1s 1sp ace m seawar . 
Also, a decrease in size of the negative region of this 
function can be interpreted as a reduction of foredune-berm 
sediment exchange. 
The most dramatic difference occurs in the switching of 
the and eigenfunctions and the resultant 
reapportionment of profile variance. The switching reflects 
the relatively enhanced degree of berm development, with 
respect to the amount of dune erosion, over the course of 
the entire year. The preceeding example demonstrates the 
efficiency of principal components analysis in delineating 
distinct modes of profile change. Thus, the 2nd 
eigenfunction of the six-month series is not "averaged" into 
the other functions but maintains its identity as the 3rd 
eigenfunction of the twelve-month series. Additionally, 
while each topographic profile can be related, to some 
degree, to all the eigenfunctions, only one or two will 
express the major mode of change, or geological 
applicability. 
The high correlation of profile voluroe with the 1st 
temporal coefficients (r=0.97, Fig. 18) shows that the 
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dominant region of profile variability, delineated by the 
1st . f t. e1gen unc ion, is located where the vast majority of 
beach sediment cycling occurs (i.e. is most active} . 
Understanding how this relationship occurs may shed some 
light on the further evaluation of the coefficients. Figure 
24 provides an illustration of how positive coefficients (in 
nd this case, 2 } can represent both erosional and accretional 
periods. 
Since the largest region of (negative) deviation between 
the 26 Oct 1980 and mean profiles coincide with the negative 
portion of the 2nd eigenfunction, the coefficient will have 
a positive value. Likewise, the maximum (positive} 
deviation of the 5 Sep 1979 profile corresponds to the 
positive portion of the 2nd function, and will therefore 
produce a positive coefficient. Thus, even though the 
negative region of the eigenfunction is larger than the 
positive region, the original profile's deviation is much 
greater over the seaward portion and will far outweigh the 
landward deviation. So, a major advantage of using 
principal components, in contrast to profile volume, is the 
incluiion of the loci of change in the calculation of each 
coefficient. 
Other eigenfunction analyses produced similar, or 
applicable, results although individual surveying strategies 
and objectives were different (Winant et al. 1975; Bowman 
1980; Fisher et al. 1984). The presen~ study sought a high 




























































































































































































































































































































































































































































































studies attempted to evaluate larger-scale coastal dynamics, 
using multiple survey lines measured at less frequent 
intervals. 
For the Charlestown investigation, results from DeKay 
(1981) provide the most relevant comparison of eigenfunction 
analyses due to the proximity and accuracy of the study. He 
combined four closely spaced beach and nearshore surveys at 
East Beach, RI, to document onshore-offshore and alongshore 
transport. Since that survey extended below mean low water 
to a depth of about 6 m, the eigenfunction representations 
encompass elev,ation changes beyond the limits of the 
Charlestown study. Even so, DeKay's 1st eigenfunction shows 
a dominant beach-nearshore exchange that is directly 
comparable to the 1st function of the Charlestown analysis 
(without the offshore component). His 2nd function reflects 
an alongshore transport mode that is characterized by a 
large region of profile variability just below MLW. This 
type of sediment exchange would be prevalent in a study that 
includes the nearshore environment. Since the nearshore 
region was not surveyed in the Charlestown study, there is 
no equivalent interpreted function. However, alongshore 
processes certainly contribute to the availability of 
sediment for profile modification and may be represented 
inherently within the first three eigenfunctions. The 
beachface-berrn top exchange shown as the 2nd function at 
Charlestown appears as DeKay's 3rd eigenfunction. 
In summary, a hierarchy of profile-process dynamics can 
107 
be develor,ed by combining the results of DeKay (1981) and 
this investigation. The beach-nearshore system is dominated 
by an on-offshore exchange followed by pulses of alongshore 
transport under both storm and fairweather conditions. 
Beachface-berm top exchanges result from less common and 
often higher energy wave or tide states, while dune activity 
represents the least frequent, but longest term 
modifications. 
Management Applications 
During the early portion of this investigation (fall of 
1977), fill was emplaced along the foredune scarp in an 
attempt to save three houses from destruction. About 9.5 m 
(horizontal distance) of fill was added, just 12 days prior 
to a storm that eroded 75% of this new material. Within the 
next three months, another 22 m of dune erosion took place 
and after the blizzard of 6-7 Feb 1978, only two of the 
three houses remained intact. 
This example can serve to illustrate the important link 
between construction in the coastal zone and knowledge of 
beach-nearshore dynamics. The placement of fill on the 
beach (if undertaken at all) should conform to the profile 
configuration that dissipates wave energy most and reduces 
the degree of erosion. This shape is best exemplified by 
the typical late fall-winter depositional profile consisting 
of a low, wide berm and a low angle foredune ramp (Figs. 15 






























































































































































































































































































































































































































During the fall of 1977, the fill material was dumped in 
front of the dune scarp and bulldozed to reform a high, 
scarped ridge. While this did offer additional short-term 
protection, the design enhanced the erosion potential by 
effectively narrowing the berm while overlooking the need to 
dissipate the incident wave energy. The next major storm 
result~d in undercutting, slumping, and the seaward or 
alongshore transport of the new fill, causing the dune scarp 
to retreat 7 m. The scarp was eventually planed-off during 
the intense storm of 8-9 Jan 1978, leaving a more energy 
dissipative foredune ramp. 
Constructional design and position on the barrier also 
proved important in the wake of the Blizzard of '78. The 
two houses that survived were built on pilings that allowed 
some of the wave energy and overwash to pass underneath. 
The third house, in addition to being situated a.bout 10 m 
seaward of the other two, had a concrete foundation that was 
undermined and cracked (Fig. 28A, Appendix 1). This house 
was soon moved into the backbarrier and placed on pilings. 
Presently in Rhode Island, the size of the buffer zone, 
or setback distance, for any alterations in coastal resource 
areas, is determined by the average annual erosion rate 
(Olsen and Seavey 1983). Once known, this setback distance 
is extended from the inland boundary of a "coastal feature" 
(e.g. beaches, wetlands, cliffs and banks, rocky shores, and 
manmade shorelines). On beaches, the inland boundary most 
commonly used is that between the base of the foredune ramp 
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and the berm. While setback distances are determined from 
long-term retreat rates, the inland boundary of the coastal 
feature is often resolved by a few site visits over a short 
period and is commonly controversial. Thus, the delineation 
of an inland boundary could be vastly different depending 
upon the prevailing erosional or depositional beach state. 
To reduce this seasonal or storm-fairweather bias, a 
longer-term quantitative and qualitative measure would be 
more appropriate for this specification. Eigenfunction 
profiles can provide this type of information. Since the 
interpretation of the eigenfunction modes incorporate an 
inferred frequency of profile change, its use would be less 
biased than the present method. 
Applying this technique, a reasonable inland boundary 
would be the landward limit of profile variability on the 
2nd eigenfunction of the five-year analysis {Fig. 17). This 
location, 20 m from the datum stake, corresponds to the 
middle of the foredune ramp after the Blizzard of '78. The 
use of five years of profile data is preferable to a single 
year since, on a yearly eigenfunction basis, this landward 
limit shifted plus or minus 5 m, depending upon the profile 
characteristics of that year (Figs. 20A,C,E,G,I). 
Extending this inland boundary to other locations would 
require tracing the present geomorphic feature (at the 
designated eigenfunction distance) along the shore. The 
success of this extrapolation would depend on the ability· to 
follow specific features along the beach, the distance from 
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the original survey site, and how profile variability at the 
new site compares to variability at the original site. The 
application of this technique to the remainder of 
Charlestown Beach would probably be accurate except for the 
100 m region nearest the inlet. That location exhibits a 
large range of sediment fluctuation and is a region without 
a distinct foredune, making extrapolation difficult. 
Suggested Future Research 
I recommend strongly the continuation of beach and 
process surveys at Charlestown Beach to further reconcile 
the frequency and causes of the various beach cycles. 
Storm-fairweather and seasonal cycles were readily 
distinguishable in this study while the influences of 
longer-term sediment fluctuations were less apparent. A 
spectral (harmonic) analysis of the profile volume or 
coefficient data might help to resolve this problem. 
This investigation would have benefited greatly if an 
accurate, long-term measure of the nearshore wave climate 
were available. Wave gauge data would have permitted more 
intensive and specific relationships to be drawn between the 
various beach states and the responsible process variables. 
Multivariate analyses could be performed on these data with 
a high degree of confidence. These data could also be 
incorporated with the principal component analyses to 
hindcast and forecast changes in beach configuration (e.g. 
Aubrey et al. 1980) . Also, reliable calculations of 
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radiation (momentum) stress and wave power could lead to a 
much needed evaluation of longshore sediment budget. 
CONCLUSIONS 
1. The seasonal shift in the temperate storm belt produces 
the prevailing north and west winds and dominant 
southeast and northeast winds during the winter, and the 
prevailing southwest winds during the summer. The 
summer southwest. component is strong due to Bermuda 
high-pressure systems and fairweather sea breezes. 
2. Four maj_or storm tracks have been identified as the 
driving force behind substantial beach erosion. 
Proximal tracks include those that pass to the west of 
Rhode Island traveling either to the north (up the 
coast) or southeast (from the Great Lakes region). 
Distal tracks include Mid-Atlantic meandering hurricanes 
and extratropical storms that travel to the northeast 
along the St. Lawrence River Valley. All of these storm 
tracks produce southeasterly (onshore) winds of extended 
duration and incident waves with a long fetch. 
3. Intense storms (1-2 per year) cause extensive berm 
erosion (25-50 m3m-1 ) and may result in foredune retreat 
and/or backbarrier accretion by overwash. Moderate 
storms (6-7 per year) cause more frequent beach changes 
(10-20 3 -1 rn rn of berm erosion) and produce storm 
berms/scarps, berm top runnels, and berm top or foredune 
accretion. Periods of high storm frequency and/or 
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intensity result in erosive beach states that resemble 
the effects of a single, more potent storm (e.g. 
Blizzard of 6-7 Feb 1978). 
4. Beach profile configurations were classified by the wave 
climate responsible for their shape. Storm beaches 
typically exhibit a wide, concave beachface with a 
rounded or scarped berm crest that is landward of its 
pre-storm position. Post-storm recovery beaches are 
characterized by the rapid onshore migration and welding 
of swash bars to the concave beachface. Swash-bar 
welding commonly occurs within a few tidal cycles. As 
the slope of the accreting beachface increases to about 
s0 -6°, a distinct berm crest forms above the level of 
mean high water, near the limit of the high tide swash. 
The distance and height of this crest is influenced by 
tidal conditions, pre-storm configuration, and wave 
climate. Mature beaches commonly exhibit a high, wide 
berm with a flat to gently landward-dipping berm top and 
a steeply-dipping beachface. 
5. The rate of post-storm recovery on Charlestown Beach 
(4-7 days) compares well with rates described for other 
microtidal beaches (e.g. Nags Head, NC (Sonu 1968) and 
the Magdelan Islands, Quebec (Owens and Frobel 1977). 
This contrasts with the 2 to 6 week rates of recovery on 
mesotidal beaches. 
6. Accretion, or extensive erosion, at high elevations (1-2 
m above MHW) can be selectively enhanced by per igean 
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tides associated with hi°gh onshore winds and storm 
surges. 
7. Superimposed on the short-term, storm-fairweather beach 
cycles are longer-term seasonal fluctuations. The first 
3 years of the data-set exhibited a seasonal signature 
while the last 2 years were storm-dominated. This 
variation with time may be due to sediment budget 
fluctuations from long-term storage, alongshore 
transport, and large-scale climatic variations. 
8. A principal components analysis of the 5-year beach 
profile data set produced three major modes of above MLW 
profile change: 1) the 1st eigenfunction indicates an 
onshore-offshore, unidirectional transport of sediment 
(e.g. storms and accretionary periods), 2) the 2nd 
eigenfunction corresponds to a beachface-berm top 
exchange of sediment c•.g. berm erosive events and 
periods of greater berm top accretion than, or in 
conjunction with, beachface erosion, and 3) the 3rd 
eigenfunction is most applicable during infrequent 
foredune activity (e.g. erosion, overwash events, and 
dune fill). 
9. Component analyses on a yearly basis produced the same 
basic eigenfunction profiles but the regions of profile 
variability changed shape, location., and rank in 
response to the dominant process variables during each 
year. 
10. A high correlation of profile volume with the 1st 
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temporal coefficients (Pearson-r=0.97) show that the 
majority of changes in profile volume occur within the 
region of profile variability defined by the 1st 
eigenfunction. 
11. A hierarchy of profile-process dynamics was developed by 
combining the eigenfunction interpretations of DeKay 
(1981) and the Charlestown analysis: 1) onshore-offshore 
exchange of sediment, 2) pulses of alongshore transport 
under both storm and fairweather conditions, 3) 
beachface-berm top exchanges, and 4) infrequent foredune 
activity. 
12. Setback distances in coastal resource areas are extended 
from the inland boundary of a coastal feature. The 
landward limit of (5-year} 2nd eigenfunction variability 
can serve as an unbiased designation of the inland 
boundary. The geomorphic feature associated with this 
distance is a region of the foredune ramp after the 
Blizzard of 6-7 Feb 1978. Analyzed on a yearly basis, 
the landward limit of eigenfunction variability shifted 
plus or minus 5 m and would, therefore, be less reliable 
for the designation of this feature. Extrapolation of 
this inland boundary along Charlestown Beach would 
probably be accurate except for the 100 m region nearest 
the inlet where a large range of sediment fluctuation 




Abele, R.W., Jr., 1977, Analysis of short-term variations in 
beach morphology (and concurrent dynamic processes) for 
summer and winter periods, 1971-72, Plum Island, 
Massachusetts: Misc. Rept. No. 77-5, U.S. Coastal Engr. 
Res. Center, 101 p. 
Aubrey, D.G., 1978, Statistical and dynamical prediction of 
changes in natural sand beaches [unpubl. Ph.D. 
dissertation]: Univ. California, San Diego, 194 p. 
Aubrey, D.G., 1979, Seasonal patterns 
sediment movement: Jour. Geophys. 
6347-6354. 
of onshore/offshore 
Res., v. 84, p. 
Aubrey, D.G., Inman, D.L., and Winant, C.D., 1980, The 
statistical prediction of beach changes in southern 
California: Jour. Geophys. Res., v. 85, p. 3264-3276. 
Berg, D.W., 1968, Systematic collection of beach data: Proc. 
11th Conf. coastal engineering, london, Chapter 17, p. 
273-306. 
¥Blais, A.G., and Boothroyd, J.C., 1984, Spatial and temporal 
analysis of a microtidal beach: Charlestown Beach, Rhode 
Island: Geol. Soc. America Abs. with Program, v. 16, 
p.3. 
Boothroyd, J .c., 1969, Crane Beach - Stop 19: in Coastal 
Environments: NE Massachusetts and New Hampshire, SEPM 
Field T~ip Guidebook, Tech. Report No. 1-CRG, Univ. 
Massachusetts, p. 146-173. 
Boothroyd, J.C., Cable, M.S., O'Brien, J.H., Mccreery, C.J., 
and Russell, F.D., 1978, Beach erosion and recovery: 
Charlestown, Rhode Island: in Jones, J.R., ed., The 
Blizzard of 1978: Its Effects on the Coastal Environments 
of Southeastern New England, Boston State College, p. 
81-90. 
Boothroyd, J.C., Friedrich, N.E., McGinn, S.R., Schmidt, 
C.A., Rosenberg, M.J., Peters, C.R., O'Brien, J.H., and 
Dunne, L.A., 1981, The geology of selected microtidal 
lagoons, Rhode Island, v. I and II: Tech. Rep. No. 2-SRG, 
Dept. of Geology, Univ. of Rhode Island, Kingston, RI, 
576 p. 
.,,Boothroyd, J.C., Friedrich, N.E., 
Geology of microtidal coastal 
Marine Geology (in press). 
and McGinn, S.R., 1985, 
lagoons, Rhode Island: 
118 
Boothroyd, J.C., and O'Brien, J.H., 1980, Erosion and 
recovery of a microtidal beach: Charlestown Beach, RI 
[abs.]: Geol. Soc. America Abstracts with Program, 
Northeastern Meeting, p. 25. 
Bowman, D., 1981, Efficiency of eigenfunctions 
discriminant analysis of subaer ial non-tidal 
profiles: Marine Geology, v. 39, p. 243-258. 
for 
beach 
Cane, M.A., 1983, Oceanographic events during El Nino: 
Science, v. 222, p. 1189-1195. 
CERC, 1973, Shore Protection Manual, v. I: Dept. of Army, 
Corps Engineers, Coastal Engineering Research Center. 
Clarke, D.J., and Eliot, I.G., 1982, Description of 
littoral, alongshore sediment movement from empirical 
eigen-function analysis: Jour. Geol. Soc. Australia, v. 
29, p. 327-341. 
Coastal Research Group, 1969, Coastal Environments: NE 
Massachusetts and New Hampshire, SEPM Field Trip 
Guidebook, Tech. Report No. 1-CRG, Univ. Ma~sachusetts, 
462 p. 
Daultrey, s., 1976, Principal Components Analysis, Concepts 
and Techniques in Modern Geography No. 8: Norwich, U.K., 
Univ. of East Anglia, Geo Abstracts Ltd., 50 p. 
Davies, J.L., 1964, A morphogenic approach to world 
shorelines: Zeits. fur Geomorph., v. 8, p. 127-142. 
Davies, J.L., 1980, Geographical variation in Coastal 
Development (second edition): Longman, 212 p. 
Davis, J.C., 1973, Statistics and Data Analysis: New York, 
NY, John Wiley and Sons, 550 p. 
Davis, R.A., Jr., Fox, W.T., Hayes, M.O., and Boothroyd, 
J .c., 1972, Comparison of ridge and runnel systems in 
tidal and non-tidal environments: Jour. Sed. Petrology, 
V. 42, p. 413-421. 
DeKay, L.E., 1980, Beach profile survey of eight selected 
southern Rhode Island beaches: in McMaster, R. L., ed., 
Transit Surveying of Selected Block Island Sound Beaches 
in Washington County, RI, v. 10, [unpubl. annual 
reports], Coastal Resources Center, Univ. of Rhode 
Island, Kingston, RI. 
DeKay, L.E., 1981, Morphodynamics 
barrier beach, East Beach, Rhode 






Eliot, I. G., and Clarke, D. J., 1982, Seasonal and biennial 
fluctuation in subaerial beach volume on Warilla Beach, 
New South Wales: Marine Geology, v. 48, p. 89-103. 
Emery, K.O., 1961, A simple method of measuring beach 
profiles: Lirnnology and Oceanography, v. 6, p. 90-93. 
Fair, T., and Feit, D.M., 1978, The blizzard of '78: 
Mariners Weather Log, v. 22, No. 4, p. 255-260. 
Fisher, J.J., and Simpson, E.J., 1979, Washover and tidal 
sedimentation rates as environmental factors in 
development of a transgressive barrier shoreline:· in 
Leatherman, S.P., ed., Barrier Islands from the Gulf of 
St. Lawrence to the Gulf of Mexico: New York, NY, 
Academic Press, p. 127-148. 
Fisher, N., Dolan, R., and Hayden, B.P~, 1984, Variations in 
large-scale beach amplitude along the coast: Jour. sea. 
Petrology, v. 54, p. 73-85. 
Fox, W.T., and Davis, R.A., Jr., 1973, Simulation model for 
storm cycles and beach erosion on Lake Michigan: Geel. 
Soc. America Bull., v. 84, p. 1769-1790. 
Hayes, M.O., 1972, Forms of sediment accumulation in the 
beach zone: in Meyer, R. E., ed., Waves on Beaches, New 
York, Academic Press, p. 297-356. 
Hayes, M.O., 1979, Barrier island morphology as a function 
of tidal and wave regime: in Leatherman, S.P., ed., 
Barrier Islands from_ the Gulf of St. Lawrence to the Gulf 
of Mexico: New York, Academic Press, p. 1-28. 
Hayes, M.O., and Boothroyd, J.C., 1969, Storms as modifying 
agents in the coastal environment: in Coastal 
Environments: NE Massachusetts and New Hampshire, SEPM 
Field Trip Guidebook, Tech. Report No. 1-CRG, Univ. 
Massachusetts, p. 245-265. 
Hayes, M.O., Owens, E.H., Hubbard, D.K., and Abele, R.W., 
1973, The investigation of form and processes in the 
coastal zone: in Coates, D.R., ed., Coastal 
Geomorphology, SUNY, Binghamton, NY, p. 11-41. 
Hine, A.C., 1979, Mechanisms of 
resulting beach growth along a 
Sedimentology, v. 26, p. 333-351. 
berm development and 
barrier spit complex: 
Holcombe, R.M., 1958, Similarities and contrasts between the 
Arctic and Antarctic marine climates: in Polar Atmosphere 
Symposium, Part I, Meteorology, London. 
Joreskog, K.G., Klovan, J.E., and Reyment, R.A., 1976, 
Geological Factor Analysis - Methods in Geomathematics 1: 
120 
New York, Elsevier Scientific Publ. Co., 178 p. 
Kaye, C.A., 1960, Surficial geology of the Kingston 
quadrangle, Rhode Island: Geol. Soc. America Bull. 
1071-I, p. 341-396. 
King, C.A.M., 1972, Beaches and Coasts: London, Edward 
Arnold Ltd., 570 p. 
King, C.A.M., and Williams, W.W., 1949, The formation and 
movement of sand bars by wave action: Geogr. Jour., v. 
112, p. 70-84. 
Klovan, J.E., 1975, R- and Q-mode factor analysis: in 
McCammon, R.B., ed., Concepts of Geostatistics: New York, 
Springer-Verlag, p. 21-69. 
Komar, P.D., 1976, Beach Processes and Sedimentation: 
Englewood Cliffs, New Jersey, Prentice-Hall, Inc., 429 p. 
McGinn, S.R., 1982, Facies distribution in a microtidal 
barrier-lagoon system, Ninigret Pond, Rhode Island 
[unpubl. M.S. thesis]: Univ. of Rhode Island, 155 p. 
McMaster, R.L., 1960, Mineralogy as an indicator of beach 
sand movement along the Rhode Island shore: Jour. Sed. 
Petrology, v. 30, p. 404-413. 
McMaster, R.L. (compiler) et al., 1961-present, Transit 
Surveying of Selecting Block Island Sound Beaches in 
Washington County, Rhode Island [unpubl. annual reports]: 
Coastal Resources Center, Univ. Rhode Island, Kingston, 
RI. 
Morang, A., 1977, Beach profile surveying of selected 
southern Rhode Island beaches, 1976-1977: in McMaster, 
R.L., ed., Transit Surveying of Selecting Block Island 
Sound Beaches in Washington County, Rhode Island [unpubl. 
annual reports]: Coastal Resources Center, Univ. Rhode 
Island, Kingston, RI. 
Morang, A., arid McMaster, R.L., 1980, Nearshore bedform 
patterns along Rhode Island from side-scan sonar surveys: 
Jour. Sed. Petrology, v. 50, p. 831-840. 
NOAA, 1976-1981, Tide Tables - East Coast of North and South 
America including Greenland: U.S. Dept. of Commerce. 
Nurnrnedal, D., and Fischer, I., 1978, Process-response models 
for depositional shorelines: the German and Georgia 
bights: Am. Soc. Ci v. Eng., Proc. 16th Conf. Coastal 
Engineering, New York, p. 1212-1231. 
Olsen, S., and Seavey, G.L., 1983, The State of Rhode Island 
Coastal Resources Management Program as Ammended June 28, 
121 
1983: Kingston, RI, URI Publications Office, 127 p. 







Owens, E.H., and Frobel, D.H., 1977, Ridge 
systems in the Magdalen Islands, Quebec: 







Rasmusson, E.M., and Wallace, J.M., 1983, Meteorological 
aspects of El Nino/Southern Oscillation: Science, v. 222, 
p. 1195-1202. 
Raytheon, 1975, Charlestown Hydrographic Study, April 1974 
to April 1975, Final Report: Portsmouth, RI, Raytheon Co. 
Rosenberg, M. J., and Boothroyd, J .c., 1983, The effect of 
inlet stabilization on flood-tidal delta sedimentation, 
Ninigret Lagoon, Rhode Island: Geol. Soc. America Abs. 
with Program, v. 15, p. 202. 
Rosenberg, M. J., and Boothroyd, J .c. , 1984, Empirical 
eigenfunction analysis of beach profiles, Charlestown, 
Rhode Island: Geol. Soc. America Abs. with Program, v. 
16, p. 60. 
Short, A.D., 1979, Three dimensional beach stage model: 
Jour. Geo1·., v. 87, p. 553-571. 
Slingerland, R., 1977, The effects of entrainment on the 
hydraulic equivalence relationships of light and heavy 
mineral sand: Jour. Sed. Petrology, v. 47, p. 753-770. 
Sonu, C.J., 1968, Collective movement of sediment 
littoral environment: Proc. 11th Conf. 
Engineering, London, p. 373-400. 
in the 
Coastal 
Sonu, C.J., and Van Beek, J.L., 1971, Systematic beach 
changes on the Outer Banks, North Carolina: Jour. Geol., 
v. 79, p. 416-425. 
Statistical Analysis System (SAS) Institute, Inc., 1982a, 
SAS User's Guide: Basics: Cary, NC, SAS Institute, Inc., 
923 p. 
Statistical Analysis System (SAS) Institute, Inc., 1982b, 
SAS User's Guide: Statistics: Cary, NC, SAS Institute, 
Inc.,584p. 
Strahler, A.H., 1966, Tidal cycle of changes in an 
equilibrium beach, Sandy Hook, New Jersey: Jour. Geol., 
V • 7 4 , p . 2 4 7 - 2 6 8'. 
122 
Swanson, C., and Spaulding, M., 1977, Nearshore wave climate 
for Block Island Sound: Kingston, RI, Univ. of Rhode 
Island, Dept. of Ocean Engineering, 110 p. 
Winant, C.D., Inman, D.L., and Nordstrom, C.E., 1975, 
Description of seasonal beach changes using empirical 
eigenfunctions: Jour. Geophys. Res., v. 80, p. 1979-1986. 
Wood, F.J., 1978, The Strategic Role of Perigean Spring 
Tides: U.S. Dept. of Commerce, Natl. Oceanic and Atmos. 
Admin., 538 p. 
Wright, L.D., and Short, A.O., 1984, 
variability of surf zones and beaches: 





FIVE-YEAR PROFILE SERIES - 1 OCT 1977-22 OCT 1982 
124 
FIVE-YEAR PROFILE SERIES•· 1 OCT 1977-22 OCT 1982 
Profiling on Charlestown Beach was initiated during a 
high frequency storm period that led to extensive berm and 
dune erosion (Morang 1977; DeKay 1979). For this reason, the 
site was designated Charlestown Erosion Zone (CHA-EZ). The 
following is a description of erosional and accretional 
trends over the five-year data set. Short-term trends (days 
to weeks) are best illustrated by citing specific 
meteorological events and beach profiles. The storm tracks 
and major trends associated with these events can be found 
in Figure 26A-B (same as Figs. 7A-B). Long-term trends 
(months to years) can readily be seen on a diagram that 
contains the individual profile volumes (cross-sectional 
area times 1 m of beach) plotted in chronological order (top 
of Fig. 18 - in pocket). 
During the first 8 months of profile measurement, a high 
frequency of major erosive events maintained the beach in a 
severely undernourished state. These events produced 
explicit, long-term changes in the foredune region. Prior 
to a severe storm on 9-10 Jan 1978, the typical profile 
consisted of a high dune crest with an 80-100 cm scarp and 
high-angle foredune ramp. The berm region, seaward of the 
foredune ramp to mean low water (MLW), was narrow, commonly 
30-40 m wide. 
On 1 Oct 1977, the foredune was scarped and located 33 m 
seaward of the datum (back) stake, at an elevation of 3.7 m 
above MLW. In a series of four major storm events, capped 
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Fig. 26.-Storm tracks. A) Seventeen selected storm 
I tracks identified as causing moderate and intense beach 
erosion. B} Major storm-track trends. 
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by the Blizzard of 6-7 Feb 78, this crest was cut back 20 m 
and reduced in elevation (inclLding the addition of overwash 
sediments) to 3.4 m above MLW (Figs. 27A-D). 
During the fall of 1977, attempts were made to protect 
three houses adjacent to thj profile 
erosion of the dune scarp. A sandbag 
line from further 
seawall was first 
constructed before the 10 Oct 1977 profile but was 
undermined during the next t ree weeks. It was replaced 
with more sandbags by 5 
seawall was also destroyed 
through Rhode Island on the 
9.5 m (horizontal distance) 
1977. Unfortunately, this 
byl a coastal storm that passed 
9th (Fig. 27A). Five days later, 
bf sand and gravel fill was 
added, rebuilding a scarped ri~ge to a distance of 34 m from 
the datum stake. On the 26 th , another coastal storm passed 
to the west, along the Connecticut River Valley, and eroded 
7 m of the new dune fill (Fig. 27B). 
The intense storm of 8-9 Jan. 1978 followed a distant 
track up the St. Lawrence River Valley (Fig. 26A} and 
produced a storm surge that :planed-off the f oredune scarp 
I . 
and caused 9 m of dune crest retreat (Fig. 27C). The 
resultant configuration of tJe foredune ramp was one in 
which the overall steepness as reduced to a more energy 
dissipative form. Overwash pJocesses added about 20 cm of 
sediment across 8.5 m of the foredune. 
This storm occurred during a period of perigean spring 
tides (Wood 1978, p. 430). Thi~ condition is a result of an 
enhanced lunar gravitation caused by the alignment of the 
sun, earth, and moon (syzygy) within 10-36 hours of the 
I 
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Fig. 27 .-Major fall 1977 and winter 1978 storm 
pro~iles. Four major storm events hat resulted in 20 m of 
net foredune scarp retreat. This time period encompassed 
the highest frequency of major 
yea~ data set. Dot pattern= 
erosion. 
storm events during the five 
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I 
closest approach of the lunar orbit to earth (perigee). As 
the distance at perigee and/or the amount of time between 
I 
perigee and syzygy decreases!, the tidal force and range 
increases. During these 'd·t· con 1 ions, the enhanced tidal 
range may be approximately 40J greater than the mean range. 
True syzygy occurred on 9 Jan 1978 at 0400 hours, 16 hours 
after perigee (Wood 1978, p. 2f3). The predicted tidal range 
for Newport, RI, was 1.8 m (NO~ 1977, p. 40). 
Throughout the remainder of January 1978, berm recovery 
was inhibited by the close passage of three northeasters 
' (14 th , 1a th , and 21 th ) and one very intense storm that 
travelled along the St. Lawrerce River Valley on the 26 th 
and 27 th (Mariners Weather Log, May 1978, v. 22). The beach 
was therefore experiencing as vere deficit of sediment just 
I 
prior to one of the worst ~ew England storms in thirty 
years. I 
I 
The Blizzard of 6-7 Feb '18 was generated off the North 
Carolina coast (4 th and sth ) land tracked initially to the 
northeast (Fig. 26A). The low pressure center veered to the 
northwest on the 6th ·, bringing it closer to the shores of 
New Jersey. From there, it hugged the coastline, travelling 
northeast and then east, passibg 40 km south of the profile 
location. Wind gusts reached 80 knots at Chatham, MA and 
approximately 1 m of 
Feit 1978). 




This storm also occurred dJring a period of astronomical 
high tides known as pseudo-per~gean spring tide (Wood 1978, 
p. 430). In this case, syzygy and perigee must coincide 
within 36-84 hours. 
1000 hours, 42 hours 
enhanced these higher 
True syzygy occurred on 7 Feb 1978 at 
after . plr igee. Strong onshore winds 
tides a~d the resultant storm surge. 
The foredune retreated 6.5 m, to only 12.7 m from the datum 
stake, and an average of 20 cm of overwash sediment was 
deposited across the foredune. (Figs. 27D and 28A-B). Beach 
1 
erosion, to about the MLW level, continued through the 1th 
by 3 m plunging waves from thJ south-southeast. This storm 
produced the profile with the l1ea,st volume in the data set. 
3 -1 44.4 mm of .sediment was el roded, reducing the profile 
3 -1 volume to 91.2 mm (Fig. 18)r 
Post-storm recovery had already begun during the two 
. I 
tidal cycles before the profile measurement of 8 Feb 1978. 
This is indicated by the appearance of a welded swash bar on 
I 
the lower beachface. A large,ldepositional bulge (incipient 
berm crest) is • formed on lthe 9th (Fig. 29A) and a 
distinctive, sharp berm crest: was fully developed by the 
1 10 th (Fig. 29B) . This berm cobtinued to accrete upward and 
seaward during the fairweather
1
conditions of the next 8 days 
(Fig. 29C). 
The next significant 
month later, on 27 Mar 
I 
profile modification occurred one 
1978 ,I when another coastal storm 
passed to the west, tracking uw the Connecticut River Valley 
I 
(Fig. 26A). This storm resultef in a net loss of 17.2 m3m-l 
of beach (Figs. 30A). However
1 
some of the eroded sediment 
was transported landward, building up the remaining berm top 
a maximum of 35 cm. Post-stotrn recovery was rapid, adding 
• 3 -1 








































































































































































































































































































































, Fig. 29.-Beach erosion and recovery profiles, Blizzard 
of '78. A large depositional bulge formed within two days 
of the storm {A) and a distinctive berm crest became fully 
developed through the next two tidal cycles {B). The berm 
continued to accrete upward and seaward during the next 8 
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Fig. 30.-Post-storm recovery profile sequence, 24 Mar-7 
Apr 1978. Swash bar welding and neap berm development 
occ~rred within 3 days. 
during the subsequent 
vertical lines= erosion. 
A distinct spring 
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AREA CHANGE IN SQ. METERS= -17.2 
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During the subsequent week, spring tidal conditions resulted 
in the landward and upward transport of sediment to produce 
a spring berm (Fig. 30C). 
During the week prior to the 3 Jun 1978 survey, a 
combination of post-storm recovery and beach nourishment 
resulted in a substantial net increase of sediment on the 
profile (Fig. 18). Approximately 4 m3m-l of fill was added 
to the foredune region, to provide additional support to the 
house pilings adjacent to the profile line. This fill was 
mechanically graded, ptior to the 17 Jun 1978 profile, so 
that the foredune (driveway) was flat (3.3 m above MLW) and 
the ramp sloped steeply to the berm top. This new dune 
crest was 6 m seaward of the previous crest and at about the 
same position as the pre-blizzard dune crest. 
Throughout the remainder of the summer and entire fall 
of 1978, a high spring/storm berm crest persisted between 
50-60 m seaward of the datum stake. This crest, partially 
attained its height (2.5-2.8 m) through the landward 
transport of sediment during the storm of 3-5 Jul 1978, but 
mostly by the fairweather deposition during the per igean 
tides of 19 Jul 1978 (Figs. 31A-B). The berm top dipped 
steeply landward to an ephemeral runnel which ranged from 50 
to 70 cm below the berm crest. This profile configuration 
was unusual because of the seaward position of the 
spring/storm berm crest, the high degree of relief between 
berm crest and berm top, and that it persisted (with 
occasional minor modifications) for 6 months. 

















































































































































































































































































































































































































































































































region on 25 Dec 1978 causing substantial erosion and about 
20 m of berm crest retreat. This was the first major event 
capable of eliminating the spring/storm berm crest 
established during July 1978. 
Throughout the month of January 1979, the profiles were 
consistently lean, with gently seaward sloping berm tops and 
beachfaces that exhibited low-relief berm crests and/or 
post-storm depositional features. This erosional trend 
switched to accretional during the fairweather proxigean 
(lunar perigee within 10 hours of t~ue syzygy) spring tides 
of 28 Jan 1979. Within three days (27-30 Jan 1979), 90-100 
cm of vertical accretion occurred, forming a high, distinct 
berm crest. 
During the next 7 months, the profile gained 
approximately 85 m3m-l of sediment, and produced the largest 
profile of the 5-year data set on 5 Sep 1979 (Fig. 18). On 
that date, the elevation of the berm crest was 3.35 m above 
MLW and at a distance of 62 m from the datum stake. This 
accounted for 246 .1 m3m -l of beach sediment. The profile 
exhibited a steep beachface and a modified storm berm crest 
(from 30 Apr 1979), 24 m landward of the present crest. 
During the next two days, Tropical Storm David, 
downgraded from Hurricane David, passed approximately 400 km 
to the west of Rhode Island. This was the first major event 
of the storm season and occurred during perigean (near 
proxigean) 
crest 11. 5 
spring tides. Storm erosion cut back the berm 
3 -1 m, removing 36. 3 m m of sediment. Some berm 
top accretion occurred as the storm swash advanced to the 
144 
foredune ramp. 
Throughout the rest of fall 1979, the beach remained 
relatively healthy due to the lack of any major storms. Two 
low intensity storms, prior to the 12 Oct 1979 and 24 Nov 
1979 profiles resulted in some neap berm and beachface 
erosion, but only slight berm top modifications. 
The winter of 1980 was a season of increased storm 
frequency and intensity. The first major event since 6-7 
Sep 1979, occurred on 12 Jan 1980. Twelve hours of 
south-southeast winds produced waves that eroded 10 m of the 
berm and deposited a thin sheet of sediment across the berm 
top. The beachface was notably concave and excavated 
deeply. After 5 days of berm recovery, a storm that 
lingered off the coast of North Carolina produced southeast 
w.inds and a long-period swell. This resulted in overwash 
and significant berm top and foredune accretion (18 Jan 
1980) over a 20 m distance. A maximum of 35 cm of sediment 
was deposited at the base of the foredune ramp. 
During the next 7 weeks, through 7 Mar 1980, the nine 
surveyed profiles exhibited a wide, gently sloping beachface 
with a rounded storm berm crest approximately 30 m from the 
datum stake. Small depositional bulges and incipient berm 
crests were the only geomorphic expressions on an otherwise 
featureless beachface. Judging from the beach observations 
and available meteorological data, it appears that 
mild-storm erosion kept pace with fairweather deposition 
during this time period. 
A coastal storm that passed up the Connecticut River 
4 
Valley on 14 Mar 1980, produced the first prominent changes 
in two months. The berm crest retreated about 6 m and a 
small amount of overwash occurred. Post-storm recovery was 
well advanced by the next profile measurement on 16 Mar 
1980. The establishment of a new berm crest was enhanced by 
a new moon, perigean (near proxigean) spring tide on the 
same day as data collection. 
During the next 5 days, a mild storm (18 Mar 1980) and 
brief post-storm recovery, maintained the beach in a 
sediment deficient state while a more potent storm 
approached from the Midwest. This extratropical storm 
tracked from the northeast, over Lake Erie, and then east 
and south over New York City, passing within 150 km offshore 
of Rhode Island (Fig. 26A). The profile was measured less 
than one tidal cycle after the storm passed (22 Mar 1980), 
revealing significant beach erosion, but only minor 
overwash. Plunging waves, 2 m · in height, broke on a 
subtidal bulge of sediment approximately 25 m from shore. 
This storm produced the second smallest profile volume 
of the 5-year data set. Only the Blizzard of '78 profile 
was smaller. About 43 m3m- 1of sediment was eroded, reducing 
the profile volume to 115.4 m3m-l (Fig. 32A). Within six 
days, post-storm accretion added 53 m3m -l to build a well 
defined neap berm crest, 31 m seaward of the storm • berm 
(Fig. 32B). 
Throughout the remainder of the spring and summer of 
1980, accretion was the dominant mode of profile change. By 


























































































































































































































































































































































































































































established at about 60 m, and the berm top gently dipped 
landward to the vestiges of a previous storm crest. During 
the next two months, deposition continued upward and seaward 
to produce the most voluminous profile of 1980 on 15 July 
(220.3 rn3m- 1 ). 
Long-period swell (10-12 sec), produced by Hurricane 
Charley, reached the RI coast on 22-23 Aug 1980. The closest 
approach of this Mid-Atlantic meandering storm was about 500 
km to the east-southeast (Fig. 26A) . When the profile was 
surveyed at low tide (1100 h) on the 22 nd , a 30 cm scarp had 
already developed by ,undercutting the berm crest. 
Apparently, little overtopping had as yet occurred from the 
7 5 cm waves. However, at high tide on the same day, 2 in 
plunging waves sent pulses of water over the berm crest and 
created a large berm runnel at the base of the foredune 
ramp. Currents flowed to the west, across the profile line 
at a maximum velocity of 180 cm -1 s . An outflow channel 
conveyed this water through the berm crest in a common 
location, 20-30 m west of the profile site. Within one and 
one-half tidal cycles (1203 hon 23 Aug 1980), the breaker 
height decreased to about 1. 25 m and substantial berm top 
accretion had occurred (Fig. 33). During this time period, 
the berm crest rounded and retreated 6 m while increasing in 
height by 20 cm. A maximum of 50 cm of sediment was 
deposited over 28 m of berm top. This summer storm was an 
excellent example of how the beach can be affected by a 
distant offshore storm. 































































































































































































































































































































































































































































































24-27 Oct 1980. This exceptionally intense storm tracked 
northward from the east coast of Florida, made landfall in 
North Carolina, and continued through eastern Pennsylvania 
and central New York (Fig. 26A). Locally, the wind direction 
shifted to the east at noon on the 24 th and continued 
through 1800 hon the 2s th . A maximum, hourly-averaged, wind 
speed of 17 m s-l was recorded for the hour ending at 1600 
h. Maximum wind gusts attained speeds of 24.5 and 23.9 
m s-l between 1400 hand 1600 h. This was approximately 3 
hours before the passage of the front and wind shift to the 
south and southwest. Hourly wind speeds greater than 9 
m s-l were sustained until 0200 h on the 27 th (32 hour 
duration), and slowly abated over the next 24 hours. 
In addition to high onshore winds for approximately 35 
continuous hours, the storm surge was enhanced by a 
proxigean, full moon, spring tide. True syzygy occurred on 
23 Oct 1980 at 2100 h, 7 hours after perigee (Wood 1978, p. 
264). As a result, maximum tide ranges of 1.8 m were 
predicted daily, during the four day period, 23-26 Oct 1980 
(NOAA 1979). 
Beach profiles were measured before and immediately 
after the most erosive period of the storm. At low tide on 
the 24 th (1510 h), the beach exhibited a high, scarped berm 
crest from a previous storm but still maintained a 
relatively large volume of beach sediment 3 -1 (196.0 mm ) . 
Breaker heights were small, less than 20 cm, and both the 
wind and wave directions were from the southeast. By the 
next survey on the 26 th , the winds had already shifted 
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offshore and the breaker heights were presumably decreasing 
to about 2 m. 
The beach response to the storm surge was severe. About 
52 m3m-l of beach had been eroded (Fig. 10) and relict salt 
marsh peat was exhumed 200 m east of the profile site. 
Overwash occurred through storm surge channels (driveways 
and footpaths) along the foredune and water crossed the road 
in several places. On the profile line, 20 cm of sediment 
was deposited across 17 m of the foredune. 
Recovery, already begun by 26 Oct 1980, was indicated by 
a low relief swash bar migrating across the low tide 
terrace. After an additional two tidal cycles, this swash 
bar had migrated 18 m, welded to the berm, and accreted 60 
cm. At the same time, another subdued swash bar was moving 
onshore. By 30 Oct 1980, this bar had welded onto the back 
of its predecessor, producing a new berm crest seaward of 
the first .. 
During the next 6 weeks, frequent storms of low to 
moderate intensity rarely allo~ed accretion beyond the 
post-storm recovery stage. From mid-December 1980 through 
early February 1981, the profile assumed a convex shape 
consisting of a seaward sloping berm top, rounded berm 
crest, and gently sloping beachface. This profile stability 
can be attributed to the lack of major storm events and the 
presence of a persistent snow and ice cover. 
The beach experienced minor episodes of erosion and 
accretion over the next three months, until the beginning of 
May 1981. The majority of these changes occurred seaward of 
153 
a storm berm located about 40 m from the datum stake. In 
early May, deposition enhanced or enabled by perigean tides, 
produced a level berm top and a stable berm crest at about 
50 m. This shape persisted throughout the summer of 1981. 
Hurricanes Cindy and Emily were both active during the 
first week of September 1981. The storm tracks and local 
meteorological conditions were similar to those of Hurricane 
Charley during August 1980 (Fig. 26A). A profile was 
surveyed on 4 Sep 1981, 2.5 hours before high tide. Winds 
were from the north-northeast, while the waves • approached 
from the southeast with breaker heights of 1.5 m. The berm 
crest was overtopped by large volumes of swash, causing a 
westward-sloping berm runnel to form at the base of the 
foredune ramp (Fig. 9A). This swash process resulted in 7 m 
of berm crest retreat and 20 cm of accretion over 13 m of 
berm top. An outflow channel through the berm crest was 
again established 20-30 m west of the profile site. 
Downcutting was rapid due to upper flow regime current 
velocities, indicated by standing waves (Fig. 9B). 
The next four months, September through December 1981, 
were unseasonal since storms were of low intensity and beach 
changes were minimal. Typical beach profiles exhibited a 
gently landward sloping berm top, rounded berm crest at 
about 40 m, and a wide, moderately steep beachface. 
The first major winter storm occurred on 4 Jan 1982. 
This distant storm tracked to the northeast, parallel to the 
St. Lawrence River Valley (Fig. 26A) . On the 4th , onshore 
winds out of the south and southeast blew for 12 hours, 
154 
attaining a maximuro hourly-averaged speed of -1 17.5 ms. 
The deeply excavated beachface was scarped adjacent to the 
profile line and relict salt marsh peat was exposed 200 m to 
the east. The distance to the berm crest (40 m) had not 
decreased since the previous profile but the beachface had 
steepened appreciably. The slope, calculated from the 
profile, was 8° instead of the more common slope of 5°-6°. 
The storm berm crest formed by the 4 Jan 1982 storm 
sustained only negligible changes over the next 5 months. 
Profile variability was confined to the wide beachface which 
exhibited both storm and fairweather response 
characteristics. During tho.t time period, low to moderate 
intensity, northeast-tracking storms, passed offshore 
producing greater than average amounts of snow but only 
minor beach changes. 
Throughout spring and summer 1982, accretion produced a 
convex berm top and rounded berm crest that merged subtly 
with the wide, gently sloping beachf ace. Profile volumes 
were 3 -1 consistently between 180 and 190 m m and were much 
the same as the previous summer. Also, this was the second 
consecutive summer season that the profile volume did not 
appreciably increase from the previous winter. 
The average profile volume from winter to the following 
summer increased by 30-40 m3m-l for the first 3 years of 
this study, but only 10-15 m3m-l during the last 2 years. 
The first major storm of the fall of 1982 occurred 
during the 5 day period, 9-13 Oct 1982. This storm tracked 




the next 3 
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days 
9th , and continued 




long-period swell from the southeast was still producing 2-3 
m plunging breakers. During the previous high tide, 
overwash occurred through every storm surge channel in the 
foredune along Charlestown Beach. Small washover fans, 
15-30 cm thick, were deposited in the road along a O. 7 km 
reach, starting at the Charlestown Inlet and extending 
eastward past the profile site. These fans were 
subsequently plowed and redeposited as mounds. along the 
sides of the road. In three locations, surge water with 
negligible sediment, continued an additional 50 m landward 
onto the backbarrier flat. 
On the beach, the modified storm ( 10 May 1982) , berm 
crest at 38 m was planed off and translated landward 12. 5 
m. During the overwash process, up to 50 cm of sediment was 
deposited over a 22 m portion of the foredune ramp and crest 
(Fig. 34) . This represents the largest and most landward, 
single-event accretion of sediment {on the profile) during 
the entire 5-year data set. {Note: During the blizzard of 
6-7 Feb 1978, wave energy was much higher so the transport 
of sediment occurred farther onto the backbarrier.) 
A comparison of the first and last profiles in this 
study (Fig. 35), reveals a truncated dune scarp, berm top 
and beachface widening, and a net gain in profile volume. 
The profile has been transformed into a more 








































































































































































































































































































































































































































































































































































































PLOTTED BEACH PROFILES WITH PROGRAMS 
159 
Program SHLBEACH extracts the raw data for each profile date 
from the selected data set {in this case UR.I.LFE1.CHAEZ78} 
and routes it to program BEACH (via dummy file 
URI.LFE1.LOAD} for calculation of profile area and t~e 
processing of a plotting £ile (in this case 
URI.LFE1.JULAUG78). Plotting is done on a CAICOMP i1051 drum" 
plotter supplied and supported by the URI Acad~mic Computer 
Center. 
PROGRAM SMLBEACH 
//LFE101S JOB (LFE101),'COLE.S.MALL BEACH' ,Ti~E=1,rlSGCLASS=A 






I /FT06 FOO 1 
I/FT07F001 
I /FT08FOO 1 
IIFT99F001 
I /F-T OS FOO 1 
CHA-EZ 
05 JUL 1978 
CHA-EZ 






















IILFE101 JOB (LFE101) ,'JOHNC.SAVE.SMALL 1 ,MSGCiASS=A 




INTEGER COUNT,TITLE(3) ,DATE(3) ,PROFiL(Jj ,DATE2(3) ,B 
ECORD ( 5) , 
1 COMP/1 COMP1 /,COMPARl0/,COUNT2 
1 
REAL xt1IN~ (200) ,XINC (200), YINC (200) ,X (200), Y (200), 
XDiSP,YDISP,YHOLD(200),X2(200},Y2(200} 
CALL PLOTS (0. ,0., 99) 
CALL FACTOR (0.5) 
C 
C - - - - - READ PARAMETERS 
C 
5 REWIND 8 
COMPAB=O 
10 READ(5,100,END=999) PROFlL 
100 FORMAT (3A4) 
READ(S,100) DATE 
C 














IF (PROFIL (3) . NE. COMP) GO TO 20 
COMPAB= 1
READ(S,100) DATE2 
READ (8,100, END=902) TITLE 
IF(TITLE(2) .NE.PROFIL(2}} GO TO 20 
BACKSPACE 8 
BACKSPACE 8 
READ (8,200, END=903) .BECOHD 
FORMAT (5A4) 
IF(RECORD(1) .NE.DATE(1)) GO 'IO 30 
IF(RECORD(2).NE.DATE(2)) GO TO 30 
WRITE (6,550) DATE 
FORMAT{1X,3A4) 
.RE AD ( 8, 1 0 0) TJ:TLE 
WRITE (6,550) TI lLE 
- - - - READ DATA FOB PliOFILE 
READ(8,900) SlELEV,SLEVEL 
FORMAT (2F9. 1) 
~RITE(6,666)STELEV,SLEVEL 
FORMAT(1X, 1 SfAKE ELEVAT10N=',F9.1,' 
C - - - - - FILL X, Y ARRAYS 
C 
80 DO 90 1=1,200 




IF{XINC(.I) .LT.-100 .. ) GO TO 95 






C - - - SUM DATA 
C 
DO 110 I=2,COUNT 
Y (.I) =Y (I-1) +Y.INC {.I-1) 
X (I) =X (I-1) +XINC (I-1) 
110 CONTINUE 
WRITE (6,931) X (I), Y (I) 
C 
C - - - CONVEBT TO METEBS 
C 
C 
DO 120 I=1,COUNT 
Y {I) =Y (I)*. 01 
X (I) =X (I) *• 01 
XM.INC(I)=XINC(I)*.01 
120 CONTINUE 
WR.ITE(6,920) (X(.I) ,Y(.I) ,.I=1,COUNT) 
920 FORMAT(1X,2F14.7) 
AMET=O. 
C - - - - - - - CALCULATE AREA UNDER CURVE, TRAPEZOID SUMMA 
TION 
C 
DO 170 I=1,COUNT 
COUNT 3
IF(Y(I) .LT.-0.05) GO TO 69 
170 YHOLD(I)=Y(I)+2. 
DO 130 I=2,COUNT 
Al'1ET=AMET+. 5* (YHOLD (.I-1) +YHOLD (.1)) *Xli.INC (.L-1) 




930 FOR~AT(' AREA UNDER CURVE = 1 ,F14.7) 
IF (COMPAR. NE. 1) GO TO 300 
GO TO 71 
69 CONTINUE 
DO 152 I=2,COUNT3 
AMET=AMET+.5*(YHOLD(.I-1) +YHOLD(I))*Xrl.INC(.I-1) 
152 WRITE (6,792) A.MET 
792 FOBMAT(F14.7) 
AMET=AMET-(X(COUNT3)*2.) 
WRITE (6,935) AMET 
935 FORMAT(' AREA UNDE~ CURVE = 1 ,F14.7) 
IF(COMPAR.NE.1) GO TO 300 
71 CONTINUE 
C 
C - - - - - SAVE FIRST PROF.ILE DATA 
C 
C 
DO 133 I=1,COUNT 
Y2 (I) =Y {I) 




40 READ(8,200,END=904) RECORD 
IF{RECORD {1).NE.DATE2(1j) GO TO 40 
IF(RECORD{2).N£.DATE2(~) GO TO 40 
WRITE(6,550) DA1E2 
GO TO 50 





300 IF(COMPAR.NE.2) GO TO 220 
AMET=AMET-DIFF 
PLOT PROFILES 







GO TO 5 
- - - - - ERROR MESSAGES 
CALL 'l?LOT (0., 0., 999) 





FORMAT (' END O.F RUN, ..... ') 
STOP 
WRITE (6,9022) 
FORMAT(' END OF DATA; SEARCHING FCR f.iiOFILE TITLE .. ' 
STOP 333 
903 WRITE (6, 9033) 
9033 FORMAT(' END OF DATA; SEARCHING FO~ DATE 1. 1 ) 
STOP 333 
904 WRITE (6,9044) 




, DATE 2 , AM ET , 
1 C0!1PAR) 
REAL X (200) ,Y(200) ,XORG/0.0/,NWXOBG,XLEN,X2(200) ,Y2 
( 200) 




C - - - - - - - FIND LENGTH OF X AXIS 
C 
C 
IF(X(1J.GE.O.) GO TO 100 
XLEN= (X (COUNT) -X ( 1) J /5 + 1 
XORG=X (1) /5 - 1 
NWXORG=XORG*(-1.) 
CALL PLOT(N~XORG,0.0,-3) 
GO TO 101 
100 XLEN=X(COUN'I)/5 + 1 
C - - - - - SCALE DATA 
C 
C 
101 CALL SCALE(X,XLEN,COUNT,1) 
Y (COUNT+1) = -1. 
Y(}:OUNT+2) = 1. 
IF(COMPAR.EQ.3) GO TO 107 
C - - - - - - - PLOT AXES 
C 
1 
CALL AXIS(XORG,0.0,'METERS ABOVE ~LW',16,7~,90~, 
Y (COUNT+1) ,Y (COUNT+2)) 
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CALL AXIS(XORG,0.0,'METERS FROM DA1UM SlAKE',-23,~L 
EN, 0., 
1 X (CO U NT + 1) , X ( CO UN T + 2) ) 
C 
C - - - - - - - PLOT SCALE OE PROFILE 
C 
C 
CALL PLTLN ( .. 75, 1. 5, 1. 75, 1.5) 
CALL PLTLN(1.75,1.45,1~75,1.55} 
CALL SYMBOL(0.88,1.3,0.15, 1 5.0 M' ,0.0,5) 
CALL PLTLN (. 75, 1. 5,. 75,2.5) 
CALL PLTLN (. 7, 2. 5.,. 8, 2. 5) 
CALL SYMBOL(.65,1.63,0~05, 1 1.0 M1 ,90.0,5J 
CALL SY M BOL ( 0,. 8:.9 , 2. 2 5, 0. 15 , • V • E . = 1 , 0 • O , 5) 
CALL SYMBOL(1.04,2.00,0.15,'5:1 1 ,0.0,3) 
C - - - - - PLOT I.D. BOX 
C 
CALL SYMBOL ( (XLEN-6. 75), 7.0,,.48,TIT.LE,O., 12) 
CALL SYMBOL((XLEN-6.75) ,6.7,.25, 1,0 .. ,-1) 
CALL SYMBOLj(XLEN-6.4),6.6,.25,45,0.,-1) 
CALL SYM_BOL((XLEN-6.1} ,6.6,.25,DA'IE,0.,12) 
IF(COMPAR.NE.O) GO 'IO 102 
CALL SY.MBOL((XLEN-6.75) ,5.8,.2.3,'AREA IN SQ METEliS= 
I , 0 • 1 1 8) 
GO TO 103 
102 CALL SYMBOL((XLEN-6.75),6.3,.25,2,0.,-1) 
CALL SYMBOL ( (XLEN-6. 4), 6. 2,. 25, 45, 0. ,-1) 
CALL SYM,tLOL { {XLEN-6.1) ,6.2,.25,DA.IE2,0. ,12) 
164 
CALL SYMBOL((XLEN-6.75) ,5.8,.23, 'AREA CHANGE IN SQ. 
C 
METERS=', 
1 0., 26) 
103 CALL NlirlBER({XLEN-.6) ,5.8,.25,AMET.,0~,1) 
CALL RECT ( (XLEN-7. 9), 5. 6, 2.0, 8. 4, O., 3) 












DO 105 I=1, 99 
Q=Q+. 2 
CA LL P LT L N ( Q , 1 . 0, ( Q+ . 1 j , 1. 0) 
IF ( Q. GT. ( XL EN+ 1 . 0) ) GO TO 1 0 6 
CONTINUE 
CALL SYMBOL ( {Q-. 25), 1. 0, .2, 1 ctLW 1 ,0. ,3) 





IF(COMPAR.EQ.2) GO TO 1072 
C ------ COMPAR = 0 OR 3, SYMBOL# 1 
C 
CALL SYMBOL((X(1)-FXj/DX,,Y(1)-FY)/DY,0,.2.,1,0.0,-~) 
00 1071 I=2,COUNT 
CALL SYMBOL { (X {I)-FX)/DX, {Y (.I)-FY)/DY,O. 2, ~.,O. 0.,-2) 
1071 CONTINUE 
GO TO 1074 
C 
C ------ COMPAR = 2, SYMBOL# 2 
C 
C 
1072 CALL SYMBOL ( (X (1)-FX)/DX, (Y (1)-FY)/DY,O .• 2, 2,0.0,-1) 
DO 1073 I=2,COUNT 
CALL SYMBOL ( {X {I)-FX) /DX, 'y (I) -FY) /DY, O. 2., 2, O. 0, -2) 
1073 CONTINUE 
1074 IF((COMPAB.EQ.0) .OR. (COMPAR.EQ.3)) GO IO 109 
C 
C - - - - - PBOCESS DATA FROM OTHER PROFILE 
C 
C 
DO 108 I=1,COUNT2 
X (I) =X2 (I) 
108 Y(I)=Y2(I) 
CO UNT=COU NT2 
CCMPAB=3 
GO TO 100 
C - - - - - - - REDEFINE ORIGIN FOB NEXT PlOT 
C 















ADX= ABS (DELT AV) 
IF (ADX) 3, 7 ,3 
3 IF ( A DX - 9 9 . 0) 6 , 4 , 4 
4 ADX=ADX/10.0 
EX=EX +1. 0 
GO TO 3 
5 AD.X:=ADX* 10. 0 
EX=EX-1. 0 
6 IF {ADX-0.01) 5,7,7 






DYB=O. 35*A-0 .. 05 
XN=XPAGE+DXB*CTH-DYB*STH 
YN=YPAGE+DYB*CTH+DXB*S'IH 
NT.IC= AX LEN+ 1. 0 
NT=NTIC/2 
DO 20 I=1,NTIC 
IF(I.EQ.1) GO TO 15 
IF(MOD(I,2).EQ.0 .AND. ANGLE ..EQ.0.0) GO 10 15 
IF(ANGLE.EQ.O.Oj CALL NUMBER(XN,YN,0.21,XVAL,0.0,1) 
IF(ANGLE.NE.0.0) 




IF (NT} 20,11,20 
11 Z=KN 







IF (ANGLE. EQ. 0. 0) CALL SYMBOL (XT I YT ,O .. 21, lBCD ( 1), ANGL 
E, KN) 
IF(ANGLE.NE.0.0) 
* CALL SYMBOL(XT-.25,YT,0 .. 21,IBCD(1) ,ANGLE,KN) 

























IILKED.SYSLMOD DD DSN=URI.LFE1.LOAD,DISP=SHR 
IILKED.SYSIN DD * 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































COMPUTER PROGRAMS FOR WIND FREQUENCIES 
321 
Program WIND sorts the raw wind data into 30 dEgree segments 
and then calculates the freguency of average and peak wind 
speeds at 3 m/s intervals. lhis program ~as Iun with SAS 
Inc. (1982) software,. 
PROGRAM WIND 
IICHARWIND JOB (LFE101) ,'MURBAY 1 ,MSGCLASS=A,TI~E=(1) 
/*PASSWORD 
/*ROUTE PRINT LOCAL 
/*JOBPARJ.'.1 L=4 
II EXEC SAS,REGION.G0=1024K 
/IGO.SYSIN DD* 
DA'.IA; 
INFILE CARDS MISSOVER; 
LENGTH COMM$ 15; 
INPUT DIR AVSPD PKSPD HR DTE :DATE?. COMM$; 
FORMAT DTE DATE?.; 
IF HR?==. THEN HOUR=HR; 
ELSE HO UR+ 100; 
IF DTE?==. THEN DATE=DTE; 
RETAIN DATE; 
FORMAT DATE DATE?.; 
IF COMM ?== 1 1 THEN COMMENT=COMM; 
IF COMMENT='E' THEN COMMENT=' '; 
RETAIN COMMENT; 
IF O<=DIR<JO THEN 0=15; 
IF 30<=DIR<60 THEN D=45; 
IF 60<=DIR<90 THEN D=75; 
IF 90<=DIR<120 THEN D=105; 
IF 120<=DIR<150 THEN D=135; 
IF 150<=DIR<180 THEN D=165; 
IF 180<=DIR<210 THEN D=195; 
IF 210<=DIR<240 THEN D=225; 
IF 240<=DIR<270 THEN D=255; 
IF 270<=DIR<300 THEN D=285; 
IF' 300<=DIR<330 THEN D=315; 
IF 330<=DIR<360 THEN D=345; 
IF AVSPD=. THEN A=O; 
IF O<=AVSPD<3 THEN A=1.5; 
IF 3<=AVSPD<6 THEN A=4 .. 5; 
IF 6<=AVSPD<9 THEN A=7.5; 
IF 9<=AVSPD<12 THEN A=10~5; 
IF 12<=AVSPD<15 THEN A=13.5; 
IF 1S<=AVSPD<18 THEN A=16.5; 
IF 18<=AVSPD<21 THEN A=19.5; 
IF 21<=AVSPD<24 THEN A=22.5; 
IF 24<=AVSPD<27 THEN A=25.5; 
IF 27<=AVSPD<30 THEN A=28.S; 
IF PKSPD=. THEN P=O; 
IF O<=PKSPD<J THEN P=1.5; 
IF 3<=PKSPD<6 THEN P=4~5; 
IF 6<=PKS~D<9 iHEN P=7.5; 
IF 9<=PKSPD<12 THEN P=10.5; 
IF 12<=PKSPD<15 THEN P=13.5; 
IF 15<=PKSPD<18 THEN P=16.5; 
IF 18<=PKSPD<21 THEN P=19.5; 
IF 21<=PKSPD<24 THEN P=22.5; 
IF 24<=PKSPD<27 THEN P=25.5; 
IF 27<=PKSPD<30 THEN P=28.5; 




DROP COMM HR DTE DA P; 




TABLE (AP) *D / NOBOW NOCOL; 
TITLE1 CHARLESTOWN WIND DATA; 
TITLE2 D = MIDPOINT OF 30 DEGREE BANGE OF DiREClION; 
TITLE3 A= MIDPOINi OF AVERAGE SPEED FCR 3 ~/SEC BANGE; 
TITLE4 P = MIDPOINT OF PEAK SPEED FOR 3M/SEC ~ANGE; 
TITLES IF A OR P = 0 - AVERAGE OR PEAK SPEED WAS MISSiNG; 
329 
APPENDIX 5 
PRINCIPAL COMPONENTS EXPLANATION AND PROGRAMS 
PRINCIPAL COMPONENTS ANALYSIS 
Visually comparing 286 
cumbersome task. However, 
beach profiles 
with the use 
.. uu 
is a very 
of principal 
components analysis to delineate profile variability, large 
data sets may be reduced in size efficiently while still 
accounting for the majority of the total variance (Winant et 
al. 1975; Aubrey 1979; Fisher et al. 1984). 
Principal components analysis, 
analysis, is the procedure whereby 
a form of factor 
N-mutually-orthogonal 
(uncorrelated) component axes are constructed, in a 
regression-like manner, from an N-dimensional hyperellipsoid 
of variables. The variables in this study are represented 
by 100 beach elevations, above mean low water, that are 
equally spaced at interpolated 1 m intervals along each of 
the 286 profiles. A mean profile is calculated 'and then 
subtracted from the original data matrix to produce a new 
deviation from the mean, or excess, matrix. A 
variance-covariance matrix is then calculated from the 
excess matrix and submitted to the component analysis. 
Since 100 variables were used by this procedure, 100 
component axes may be generated. The length, or relative 
importance, of each component axis is represented by an 
eigenvalue. Each accounts for a proportion of the total 
variance from the mean profile. While the sum of the 
eigenvalues is equal to the total variance, the vast 
majority of the profile variability can be explained by only 
a few of the highest ranking (largest) eigenvalues. In this 
study, the largest three eigenvalues were used since they 
represented between 88% and 95% of the total de-meaned 
profile variance (Table 2) . The lower ranking eigenvalues 
yielded statistically insignificant (personal comm. D.G. 
Aubrey, July 1984) and geologically uninterpretable 
eigenfunctions. 
The derivation of the eigenvalues arises from the 
manipulation of the (matrix) algebraic equation: 
where A is the variance-covariance matrix, I is an identity 
matrix, and A are the eigenvalues to be calculated. 
Each eigenvalue is then utilized to calculate a linear 
combination of variable weights from the covariance matrix. 
These weights, or loadings, indicate how much variance 
occurs per variable. This function is commonly termed an 
eigenfunction or eigenvector while other synonyms, such as 
characteristic or latent vector, are also used in the 
literature. In this study, there are 100 variables per 
beach profile and thus 100 weighted variables along each 
eigenfunction profile. 
Algebraically, eigenfunctions are derived from the 
matrix equation: 
(A - )..I) e=0 
where e represents the 100 variable weights per eigenvalue. 
These eigenfunctions represent expressions of the 
magnitude and distribution of the spatial (elevation) 
variance among the 100 variables. The location of the 
maxima (positive and negative) along an eigenfunction 
profile, show where the beach elevations were most actively 
changing. However, where the variable weights are zero, no 
varibility exists, for that function, between the mean beach 
profile and the beach elevations. 
After the eigenfunctions are calculated from each 
eigenvalue, temporal coefficients, or component (factor) 
scores, are obtained from the dot product of the variable 
weights (eigenfunctions) with the excess matrix. One 
coefficient is calculated per beach profile for each 
eigenfunction· 'rank evaluated. This is represented by the 
equation: 
where c is the coefficient, e 1_100 are the 100 variable 
weights along each eigenfunction, and h1_100 are the 100 
deviations from the mean profile for each surveyed profile. 
As the value of a coefficient departs from zero 
(positive and negative), the greater the deviation of 
cumulative elevation of any given profile from the mean 
profile. Thus, these coefficients provide a method of 
cornpar ing each profile by indicating relative amounts of 
beach elevation change. Geologically, this implies that a 
net loss of profile elevation, when compared to the mean 
profile, is indicative of erosion. Conversely, a net gain 
of elevation reflects accretion. The coefficients can also 
be used to determine the utility of the corresponding 
eigenfunction through time. If they do not show much 
change, the associated eigenfunction will be more difficult 
to physically interpret and therefore have limited 
applicability. This is a common problem with the lower 
ranked eigenfunctions. 
The first step in the geologic interpretation of profile 
variability involves the examination of the eigenfunction 
profiles. The shape of the functions, with respect to the 
are·a encompassed and the relationship between positive and 
negative portions, will indicate the dominant mode of 
profile change. Simplistically, if a single, large region 
exists (e.g. 1st eigenfunction, Fig. 36), the beach 
elevation changes occur in the same direction (i.e. decrease 
during erosion or increase during accretion). However, if 
two or more regions alternate from positive to negative 
along the same function (e.g. 2nd and 3 rd eigenfunctions, 
Fig. 36), the elevations also alternate simultaneously; a 
loss in one region corresponds with a gain in another (i.e. 
an exchange of sediment occurs). Realistically, this simple 
relationship exists in a general sense and applicability is 
determined on an individual, profile by profile, basis. 
The next step in interpretation involves the comparison 
of the dates of the major spikes in the coefficient time 
series to the corresponding computer-plotted beach profiles 
(Fig. 18 and Appendix 1). If an erosional event has taken 
place and the coefficient is negative, all of the negative 
spikes will indicate erosion. This holds true if the 
Fig. 36.-Five-year mean beach profile and first three 
eigenfunctions, 1 Oct 1977-22 Oct 1982. The 1st 
eigenfunction, which accounts for 63% of elevation variance 
from the mean beach profile, indicates an onshore-offshore 
exchange of sediment during either erosional events or 
accretionary periods. The 2nd eigenfunction corresponds to 
(mean profile) beachface-bermtop exchanges of sediment. The 
































MEAN BEACH PROFILE 
01 OCT 77 - 22 OCT 82 
------- ----------------------- -------- -------- ------- ----~--~-- .............. 
ML 
10 20 30 40 50 60 70 80 90 100 
METERS FROM DATUM STAKE 
1sT EIGENFUNCTION 
63% OF VARIANCE 
2ND EIGENFUNCTION 
20% OF VARIANCE 
3RD EIGENFUNCTION 
8% OF VARIANCE 
corresponding eigenfunction has a single region of profile 
variability (e.g. 1st eigenfunction). Then, examining this 
eigenfunction profile will locate the region of the beach 
that experienced the change. For example, strong negative 
spikes among the first coefficients (e.g. 7-Feb 1978, 22 Mar 
1980, 26 Oct 1980) indicate events that caused erosion in 
the 30 to 80 m range of the mean beach profile. Large 
positive spikes (e.g. 5 Sep 1979 and 15 Jul 1980) indicate 
accretionary periods across this same range. 
This qualitative comparison suggests the use of a 
general rule for interpretation: positive (negative) 
coefficients enhance positive (negative) portions of the 
corresponding eigenfunction, whereas, positive (negative) 
coefficients 
Geologically, this 
negative (positive) portions. 
refers to accretion and erosion, 
respectively. This technique may be considered analogous to 
constructive and destructive interference when superimposing 
two wave forms. It is especially useful if the original 
profile records are unavailable or of dubious quality. 
For cases involving sediment exchanges (e.g. 2nd and 3 rd 
eigenfunctions), the coefficients will reflect the dominant 
direction of the chan~e (i.e. landward or seaward). This is 
dependent upon the location and magnitude of both the real 
profile elevation changes (i.e. erosion and/or deposition) 
and the maximum deviations of the variable weights. Where 
they are coincident, the value of the coefficient increases 
(positively or negatively). For example, the positive 
ff • • t f th 2nd • f t. t f coe 1c1en s o e e1gen unc 10n accoun or severe 
berm erosive events, as well as periods of seaward 
accretion, because of the differential enhancement of the 
two regions during the different episodes. 
Lucid descriptions of the algebraic and geometric 
derivations of principal components can be found in Gould 
(1967), Davis (1973, p. 473-536 and 127-169), McCammon 
(1915), Daultrey (1976), and Joreskog et al. (1976). I 
strongly recommend reviewing these references before 
attempting to digest the algorithm provided by Winant et al. 
(1975) and Aubrey (1979). These latter publications are 
excellent for their applications to beach 
, profile variability. 
and near shore 
SAS Institute Inc. ( 1982) software 
expedite the principal components 







Computer Center and may be accessed through the Prime 
Minicomputer. The programs written to perform this analysis 
appear on the following pages. 
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Program TRUNBEACH.F77 is an interactive program designed to 
extract raw beach profile data from a directory of files, 
interpolate this data to produce elevations at a consiste.n.t 
horizontal distance (e.g. every meter), and extrapolate the 
profiles to mean low water if necessary. After reaching 
mean low water, zero elevations are generated until the 
designated truncation point (e.g. 100 m). Output consists 
of a source file containing the raw, interpolated, 
extrapolated, and truncated data, and a SAS file containing 
the same information without the raw data. ibis SAS file is 
then submitted with a modified DeKay (1981) program EiGENSAS 
for the calculation of the mean beach profile, eigenvalues, 












c This program reads x and y increments from beach profile 
c data, calculates cumulative values, and interpolates 
c values betMeen data points. Output data from this 
c program is sent to a file from which it can be 





c***************The initial setup******************* 
C 
c ** initialize variables 
C 
C 
CHARACTER *12 SOURCE,OUTFILE,DATE,STATICN,SLCG 
CHARACTER *1 CHOICE 




c*************Customizing the output********************** 
C 
C 
WRITE(1,*) 'ENTE.R ALL RESPONSES iN UPPER CASE' 
100 CONTINUE 
J=O 
c ** origin of input data? 
500 WRITE (1,*) ( 1 NAME OF INPUT FILE?') 
READ (1, 11) SOURCE 
c ** parameters for output of data 
600 WRITE{1,*)( 1 NAME OF OU.'.IPVT FILE FOB. SAS?') 
READ(1,11)0UTFILE 
WRITE(1,*)'NAME OF LOG FILE?' 
READ{1,11)SLOG 
33.9 
WRITE (1, *) (' INTERPOLATED X VALUE SPACING, .IN CENX-IMETE 
RS? I) 
READ{1,6~SPACING 
WRITE (1,*) ('T.BUNCATE AT WHAT X VALUE lN CENT.IM.EIEliS? 
') 
READ ( 1, 66) TR UN VALUE 
WRITE (1,*) ( 1 ARE YOU SURE?') 
READ(1,55)CHOICE. 
IF(CHOICE.NE.'Y')GO TO 100 
NPTS=(TRUNVALUE/SPACING) +1 
END=TR UN VALUE 
TRU N=T RU NV ALU E 
66 FORMAT(F5.0) 
55 FORMAT ( 1 A) 























CU MX (J MAX) =O 
K=O 
c ** read header info 
READ ( 6, 11) DA TE 
' 




c ** set initial cumulativE: valut::s 
CU i'l.X (0) =O 
CU~Y(O)=ELEV-YINIT 
11 FURrlAT (A 12) 







77 FOiU!AT(3X,A12,3X,A12,1X,I4, 1 PUIN'.IS 1 ,2.X,F6.1,' CM SPAC 
ING I) 
WRITE(8,44)ELEV,YINIT 
44 FORHAT('STAKE ELEVATION= 1 ,F5.1,SX, 1 STAKE HEIGH1='F5.1) 





c***************RE:ad anu add values********************* 
C 
C 
c ** J is the i of data points entered 
JMAX=J 
J=J+1 
READ (6,22} X (J), Y (J) 
c ** check for trailer card 
IF ( X { J} • E Q. 0) GO TO 3 0 0 
22 FORMAT{F6.1,3X,F6.1) 
c ** cumA{j) and cumy(j) are cumulative values after eacn da 
ta point 
• Ci.ictX {J} =C Ut!X {J-1) + X (J) 
CUI'lY {J) =CUMY (J-1) +Y {J) 
c ** write data points aud cumulative values after each poin 
t 
W :RITE { 8 , 3 3 ) X ( J} , Y ( J) , CU d X ( J) , CU 11 Y ( J) 
33 FOR1'1AT {SX, F8. 3, SX, F6 .1, SX, f8. 3 ,SJ..,F7. 1) 






c****************End Part 1********************* 
C 
C 
c ** This concludes the Iirst part of the program, caiculati 
ng cumulative 








109 FORMAT(//,6X,'INT. X1 4X,'INT. Y',/) 
c ** Compare interpolated value ~ith data points 
DO 7UO K=O,ThUNVALUE,SPACING 
c ** Scan for app~opriate data points 
DO 750 J=JclAX,0,-1 
IF(K.GE.CUl'!X(J))GO TO 800 
750 CONTINuE 
800 CONTINUE 
c ** If interpolated value is a data point, use real data 
IF(K.EQ.CU1X(J))Gu TO 850 
XhGE=C U MX (J+ 1) -CU i'lX (J) 
YR GE= CU I1Y ( J + 1) - CU I'1 Y ( J) 
XINT (K) =K 
ZROP=(XINT(K)-CUMX(J))/XRGE 
c ** calculate intErpolated value 
YIN T ( K) = ( ZR OP* Y R G E) +CU i1 Y ( J) 
GO TO 900 
850 YINT(K)=CUMY(J) 
XI NT (K) =K 
900 CONTINUE 
l•lA XK=XINT (K) 
K M.AX=X INT (K) 
IF (YINT(K) .LT.O)GO TO 1100 
c ** write results to a file 
WRITE (8,108) XINT (K), YINT (K) 
~RITE (7,108) XINT (K), YINT (K) 
IF(K.GE.TRUN)GO TO 1300 
C ** 




c ** calculate slope of last three points 
c ** ENDX is the x range of the last three points 
c ** ENDY is they range of the last three points 
ENDX=CUi1X (Jt'lAX) -CUclX (JdAX-2) 
ENDY=CUMY(JJAX)-CUjY(JMAX-2) 
c ** SLOPE is the slo~e of the last tnree points 
SLOPE =ENDY/E ND X 
c ** yenerate ~oints down to mlw 




IF(YIN'I(K).LT.O)GO TO 1100 
XINT(K)=K 
¾RITE (8,191) XIN'l (K), YIN'I' (K) 
191 FORrlAT (4X, F8. 2, 2X, £ a. 2, 3X, '*') 
1-iRITE (7,108) XI NT {K) , YINT (K) 
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IF(K.GE.TRUN)GO TO 1300 
1u00 CONTicluE 
1100 CONTINUE 
c ** generate points along MLW 
DO 1150 K=MAXK,END,SPACING 
XINT(K)=K 
YINT (K} =O. 0 
i-.RITE (8,108) XINT (K) , YINT (K) 
WR.ITE (7,108) XINT (K), YINT (K} 
1150 CONTINUE 
GO TO 1300 
1200 CONTINUE 




WBI'.l.E(1,*) 'DO YOU. WANT TO DO ANuTHER SET?' 
READ(1,55)CHOICE 
IF(CHOICE.EQ.'Y')Gv TO 100 






//TRANSLAT JOB (.MZC101),'MURRAY',L'1SGCLASS=X,1'Ii1E=1 
/*PASSWORD 
/*ROUTE PEINT LOCAL 
// EXEC TRANSLAT 
//SYSIN DD * 
079 
//FT04F001 DD SYSCUT=(A,INTRDR),DCB=(HECFi:1=F,BLKSIZE=80) 
I/FT03F001 DD DATA,DLM='¼' 
//EIGENSAS JOB (MZC1U1), 1 /1UR:&AY',TIME=2 
/* PASS vIORD 
l*JOBPAFU1 1=2 
II EXEC SAS,REGIOK.G0=1024K 
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II****** PROGRAM TO ANALYZE BEACH PROFILE DATA BY SAS EIJEN 
FUiKT.ION 
/I****** ROUTINE OF PRGC MATRIX. INPJT IS A 1IME SERIES 
OF PROFILES 




INPUT @19 DATE DATE11. (STEP1-S'lEP1U1) (/aJ17 6.2); 
CARDS; *INSERT lNTERPOLATiD BEACH PROFILE DATA 
PROC PRINT; 
PROC MATRIX DUMP LIST; 
FETCH SRC; ROWNO=N.tWW (SRC) ; 
LABEL= SRC( ,1); 
PR01 = SRC( ,2:102) '; 
E.iiEE SRC; 
SUi:1 = PR01 ( ,+); 
PRINT SUM;· 
AVG= SUM#/ROWNO; 
APR01 = AVG; 
PRINT APE01; 
DO I=1 TO EOWN0-1 BY 1; 
AVG= AVG APh01; 
END; 
~XCESS = PR01 - AVG; 
EREE SUM PR01; 
SCOV = (EXCESS * EXCESS'} #I (I-.OwNU-1); 
EIGEN EVAL1 EVEC1 SCOV; 
FREE SCOV; 
EV L 1 = EV AL 1 ( , 1) ; 
PRINT EVL1; 
SU i1E VAL = EV 1 1 ( + , } 
PE.INT SU11EVAL; 
EL 1 = EV L 1 ( 1 : 5, } ; 
PRINT EL 1; 
PERCVAR5 = (EL1 #/ SU~EVA:} * 100; 
Pf.INT PERCV AES; 
EVS = EVEC1 ( ,1 :5); 
EV 3 = EV EC 1 ( , 1: 3) ; 
FREE EVEC 1; 
AT EM = EV 5 1 * EXCESS; 
ATE11 = ATEM'; 
ATEM3 = EV31 * EXCESS; 
ATEM3 =ATEM31 ; 
PRINT EV5; 
PRINT LABEL FORMAT=DATE9.; 
PRINT ATEM FORMAT=9.5; 
uJTPUT APR01 OUT=APR01 (.F.ENA~1E= {COL1=APct01)) 
OJT PUT EV 3 OUT= EV 3 (RENAME= (COL 1=EV 1 CO:i. 2=EV2 C 013=£ V 3) ) ; 
OJTPUT LABEL OUT=LABEL(.RENAi'lE={COL1=DA1E)); 
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OUTPUT ATEM3 OUT=ATEM3 (RENAdE={COL1=ATEM1 COL2=ATEcl2 COL3=AT 
E M3) ) ; 
DA TA GE NE.EA TE; 
DO X=O TO 100 BY 1; 
0 U'.IP UT; 
END; 
DA TA C; 
MERGE APR01 GENERATE; 
?ROC PLOT DATA=C; 
PLOT APR01*X='+' I VPOS=20 VSPACE=2 HPOS=110 HSPACE=10; 
LABEL APR01 = CM ABOVE MLW; 
LABBL X = METERS FROM DATUM STAKE; 
TITLE1 MEAN BEACH PROFILE; 
TITLE2 010CT77 TO 28SEP78; 
DATA D; 
MERGE EV 3 GENERATE; 
PROC PLOT DATA=D; 
PLOT {EV1-EV3)*X= 1 + 1 I VPOS=20 VSPACE=2 HPOS=110 HS.PACE 
=10 VREF=O; 
LABEL EV1 = EIGENVECTORS; 
LABEL EV2 = EIGENVECTORS; 
LABEL EV3 = EIGENVECTORS; 
LABEL X = METERS FROM DATUM STAKE; 
TITLE1 EIGENFUNCTIONS .FROl1 LARGEST THBEi EIGENVA:i.UES; 
DA.'.IA ?ROFVOL; 
INPUT PROfV01 5. 1; 
0 U'IPUT PROFVOL; 
CARDS; *INPUT PROFILE VOLUME AF1ER 'IrlIS LI~E 
DATA CORR; 
MERGE ATEci3 PROFVOL; 
~.KOC CORR DATA=CORE.; 





MERGE ATEN3 LABEL PiiOFVUL; 
PUT (ATEM1-ATEi'13) (ij.2) +1 DA'.IE DAT37. +1 ..i?HOFVOL ti.1; 
345 , 
?rograms CuEFF.V0~1 
five-year data sets, 
and profile volumes 
Plotting is done on 
and supported by the 
and COE.FL V015 p~ot single-year and 
respectively, of temporal coeiticients 
OU tput £.com the EIGENSAS program. 
the CALCOMP 10S1 drum plotter supt'lied 
UhI Academic Computer Center. 
PROGRAa COEFF.VOL1 
//L·IZC1011 JOB (i'llC101), 'MURRAY' ,MSGCl..ASS=W,NO'I:.IFY=11ZC101 
I/PLOT1 EXEC FOElVCG, 




IIFORT.SYSPRINT DD SYSOUT=A,HOLD=YES 
llfORT.SYSIN DD * 






GENERATE PLOT1 FROri EIGENSAS DATA11 








INTEGER t10 (12) I 
* I OC'l I, 'NOV', 'DEC I, I JAN I I I FEB' I' i'lAR I , 
*'APli','~AY','JUN','JUL','AUG','SEP'/ 
INTEGER MOC(12)/ 
* 1 ; CJ CT 1 , 1 ; NOV 1 , 1 ; DEC 1 , ' ; JAN 1 , 1 ; FEE 1 , 1 ; 11 AB ' , 
*';APR', I ;MAY', I ;JUN', I ;JUL', I ;AUG', I; SEP 1 / 
REAL X(100) ,Y1 (100) ,Y2 (100) ,YJ (100) ,Y4 (100) 
REAL QX (4) 
C 




C ------ .READ IN ALL THE DATA FROH SYSIN (UNIT 5) • 
C 
w.RITE(6, 101) 
101 FOiMAT( 1 1 REC. 'ilC 1 • T/C 2 '.J:/C 3 
P/V 1 , 
*' DATE' ,I) 
I= 1 
2 READ (5, 102,END=6) Y1 (I) , Y2 (I), Y3 (I) , 
* DAY(I),dUNTrl(.I) ,YEAF.(I) ,Y4(l) 
WE,ITE (6,103) I, Y1 (I), Y2 (I), Y3 (I), YL+ (I), 




GO 'IO 2 
C 









DO 7 I=1,12 
CALL CENTER(X2,0.22,MOC(.I) ,4,1 .• 0) 
X2=X2+X1 
CALL CHARS (X2,-0.35,0.22,r10C(.I) ,0.0,4) 
X 1 =X 1 + 1 • 0 
IF (.I. EQ. 12) GO TO 7 
CAL~ PLTLN(X1,0.0,X1,-0.15) 
lF(I.EQ.3) CALL PL'l'LN(X1,0.0,X1,-1.0) 
7 CONTINUE 
X(N+1)=0.0 
X (N+2) =XI 
FIRSTX=O.O 
DELTAX=XI 
Y=-1 . 0 
H=0.4 
CALL CnARS(0.75,Y,H,';1977 1 ,0.0,5) 
CALL CHARS (6. 75,Y,h, 1 ; 1978 1 ,0.0,5) 
C ------ CONVERT INPUT TIME DATA TO USABLE INfOiiMAIIutl. 
C 
X (I) = 0. 0 
JRITE (6 1 104) 
104 FORMAT ( 1 1 REC. DAT#',/) 
DO 12 I=1,N 
IF (dONTii(I).EQ.M0(1)) GCJ TO 10 
DO 8 J=2,12 
IF (1'10NTrl(I). EQ.i'lO (J)) X (I) =X (I) +lLOAT (J-1) *XI 
8 CONTINUE 
10' X (I) =X (I) +F:::..OAT (DAY (I)) 
WF.lTE (6,105)1,X(I) 
105 FORMAI (I 10,F10.2) 
12 CONTINUE 
C 








DO 14 I=1,N 
lF(Y1 (I) .LT.Yi1IN) HiIN=Y1(1) 
IF {Y1 (I) .GT. YMAX) Yt1AX=Y1 (I) 
IF (Y2(I) .lT. YI1.IN) Y11IN=Y2(I) 
IF (Y2 (I) .GT. YMAX) Yi1AX=Y2 (I) 
IF(Y3(I) .LT.HllN) YriIN=YJ(I) 
IF (Y3 (I) .GT. Yi'lAX) YHAX= Y3 (I) 
.IF (Y4 (I). LT. VMIN) VL'lIN=Y4 (I) 
IF (Y4 (I) .GT. VMAX) VMAX=Y4 (I) 
14 COi'nINUE 
WRITE (6,106) HlIN, Yt1AX, VMIN, VMAX 
106 FORMAT(//,' YMIN-MAX =',2F10.2,//, 
* 1 Vl1IN-MAX= 1 ,2F10.2) 
FIRSTY=-1000.0 
DELTA Y=643. 0 
FlRSTV=80.0 
DELTAV=64.3 
Y 1 (N+1) =FIRS1'Y 






Y4 (N+2) =DELTAV 
C ------ CALCULATE THE SEASONAL DIVISIONS. 
C 
DO 17 I=1,4 
QX (I) =O. 0 
DO 16 J=2,12 
If (Q11 (I). EQ. tlO (J)) QX (I) =QX (I) +FLOAT (J-1) *:{I 





C ------SETUP THE Y-AXIS' 
C 
C 





IF(J.NE.1) CALL PLTLN(U.0,0.0,12.0,0.0) 
CA:.L PLTLN(12.0,0.0, 12.0,2.8) 
CALL PL'ILN (12.0,2.8,0.0,2.8) 
CALL PL1Lci(0.0,2.8,0.0,0.0) 
CALL P~TLN(0.0,1.Sc,12.0,1.56) 




CALL PLTLN(Q1(2) ,O.O,QX(2) ,2.8) 
CALL PLTLN (lX{3) ,O.O,QX(3) ,2.8) 
CALL PLTLN(QX(4) ,0.0,QX(4) ,2.8) 
DO 18 .I= 1, 8 








C ------ NEWPEN(2) IS A EED FEL1-TIP t'EN 
C ------ N EH PEN ( 1) IS A BL ACK BALLPOli.H ? EN 
C 
NTS', 
CALL NEH PEN ( 2) 
IF (J.EQ.1) CALL LINE (X,Y3,N,1,u,u1 
CALL NEWPEN(1) 
IF(J.EQ.1) CALL CENTER{YY,0.18,'>T#HIRD',7,2.8) 
IF(J.EQ.1) CALL ChARS(-1.35,YY,0.18,'>T:J:rl...L.RD',90.0,7) 
IF(J.EQ.1) CALL CENTEh{YY,0.25,'>'I#Ei1.20RAL c)C#OEFFICIE 
* 25,9.0) 
IF{J.EQ.1) CALL CHARS (-1.75,YY,0.25,'>T#E~POEAL @C#OEi 







CALL NEW .i? EN ( 2) 
IF(J.EQ.2) CALL LINE(X,Y2,N,1,u,1) 
. CALL NEW PEN ( 1) 
IF (J.EQ.2) CALL CE::-lTER (YY,0.18, '>S#ECOND',8,2.8) 
I.f (J. EQ. 2) CALL CHARS (-1.35, YY,0.18, '>S#ECUL'iD 1 ,90.0,8) 
CAI..L NE~ PEN ( 2) 
IF(J.EQ.3) CALL LINE(X,Y1,N,1,0,4) 
CALL NEHPEN (1) 
IF ( J. E Q • 3) C ALL CE NT ER ( Y Y , 0 • 18 , ' > F # I RS '.i. ' , 7 , 2 • 8) 




CALL PLTLN(12.0,0.0, 12.0,2.8) 
CALL PLTLN(12.0,2.8,0.0,2.8) 
CALL PLTLN(O.o,2.s,0.0,0.0) 
CALL PLTLi~(QX(1),0.0,QX(1) ,2.d) 
CA Ll PL TL N ( Q X ( 2 ) , U • 0 , Id X ( 2) , 2. 8) 
CA LL PL Tl N ( Q 1 ( 3) , 0 • 0 , Q X ( 3) , 2 • 8) 

















CALL NEW PEN ( 2) 
CALL LI NE ( X, Y 4 , N , 1 , 0 , 1 0) 
CALL NEWPEN(1) 
CALL CENTER(YY,0.25,'>P#ROFILE' ,~,2.8) 
CALL CHARS(-1.75,YY,0.25,'>P#liOFILE',90.0,9) 
CALL CENTER{YY,0.25,'>V#OLUME' ,8,2.8) 
CALL CHARS(-1.35,YY,0.25,'>V#OLU~E• ,90.0,8) 
CALL CENTER (YY,0.18, 1 )#t-1 11 3)#£1 11- 11 1', 12, 2. 8) 
CA LL CH AR S ( - 1 . 0 5, Y Y , 0 . 1 8, 1 > # L111 3 > i i'l 11 - 11 1 1 , 9 0 . 0 , 1 2 ) 
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CALL CENTER(X1,0.5, 1 &C#HARLESTOWN wE#EACH',21,12.0) 
CALL CHARS(X1,3.0,0.5, 1 &C#HABLESTOWN jB#EACrl',0.0,21) 
X1=X1+0.02 
CALL CHARS(X1,3.0,0.5, 1 &C#HARLESTUWN ~B#EACH',0.0,21) 
CA1L PLOT(0.0,-9.0,-3) 











IIMZC1011 JOB (i1ZC101) ,'i'1URRAY 1 ,r1SGCLASS=;.;,NOTIFY=l:1ZC101 
l*JOBPAF.d L=4 
IIPL0'11 EXEC FOHTVCG, 




ll£0nT.SYSPRINT DD SYSOU1=A,HULD=YES 
1/FORT.SYSIN DD * 







GENERATE PLOT6 FRUct ~lGENSAS DATA66 
01 OCT 1977 TO 22 SEP 1982 
C 1KG 2184 
C ••••••••••••••••••••••••••••••••••• 
C 




INTEGER UM(20)l'DEC' ,'MAR' ,'JUN 1 , 1 SEP 1 , 1 DEC 1 , 1 MAR1 , 1 JU 
N','SEP', 
I 
* 1 DEC 1 , 1 i1A R' , ' JUN 1 , 1 SEP 1 , 'DEC' , 1 jAit 1 , 1 JUN 1 , 1 SEP' , 




* 1 CIC T 1 , 1 NO V ' , ' DEC 1 , 1 J A N 1 , 1 FEB 1 , 1 d Alt 1 , 
* 1 APR 1 , '[1AY' , 1 JUN 1 , 1 JUL 1 , 1 AUG 1 , 1 SEP 1 , 
* 'OC'l I,' NOV I, I DEC I, I JAN I, I FEE I, I i1Atl I, 
*'AP.h', I HAY', 'JUN', 'JUL', 'AUG' I' SEP' I 
* 1 oc T 1 , ' NOV 1 , 1 DEC 1 , ' JAN 1 , 1 FEB 1 , ' .i1 AR 1 , 
*' APR I , I MAY I , I Ju NI , I JUL I , I Au G' , I s EP I I 
* I OC'I I, I NOV', I DEC I , I JAN I, I FEE I, I MArt', 
*' A pf( I , ' MAY I , I JUN I , I JUL I , I Au G' I ' SEP I , 
* 1 0 C '.1 1 , 1 N O V 1 , 1 D E C 1 , 1 J A N 1 , 1 F E B 1 , ' d Alt 1 , 
*' APR I I' MAY' , I Ju NI , I JUL I I I Au GI , Is EP I , I oc I I I 
INTEGER MOC(61)1 
*' ; OCT I , I ; NUV I , ' ; DEC I I ' ; JAN I I ' ; E' EB' I ' ; l'lAR I , 
* I ; APR I , I ; 11A y I , I ; JUN I , I ; JUL I , I ; AUG I , I ; s E..i? I I 
* I ; OCT I , I ; Nov I I ' ; D BC I I I ; JAN I , I ; E' EB' I ' ; l'lA R I I 
* I ; APR I I I ; t1A y I , I ; Ju 1~ I , I ; JUL I , I ; AUG I , I ; s EP' I 
*' ;OCT 1 ,' ;NOV', 1 ; D:t;C',' ;JAN',' ;.fEB', 1 ;~1AR 1 , 
* ' ; APR ' , ' ; r1A Y ' , ' ; JUN' , ' ; Ju L ' , ' ; AUG ' , ' ; s EB ' , 
* 1 ; ocT 1 , ' ; N :.;v' , ' ; DE c' , ' ; JAN 1 , • ; E EB' , • ; M _l'\.R • , 
* I ;APii I I' ;ciAY', I ;JUN', I ;JUL', I ;AUG' I' ;SEP' I 
* 1 ; 0 CT 1 , 1 ; Nov 1 , 1 ; DEC 1 , 1 ; JAN 1 , 1 ; f EB 1 , 1 ; d AB 1 , 
* I ; A p R I , I ; MAY I , I ; Ju N I , I ; J UL I , I ; A u G I , I ; s E p I , I ; oc TI I 
1EAL X {300), Y1 (300), Y2 {300), Y3 (300), Y4 {300) 
REAL QX (20) 
C 




C ------ READ IN ALL THE DATA FROM SYSIN (UNII 5). 
C 
wRITE (6,101) 




2 READ (5,102,END=6) Y1 (I), Y2 (I), Y3 {I), 
* DAY(I) ,L'iONTrl(I) ,YEAR(I) ,Y4 (I) 
WRITE (6,103) :i:,Y1 (I), Y2 ll) ,Y3 (I) ,Y4 (I), 




GO TO 2 
C 
C ------ SET UP A.ND DEAW THE TIME (X) AXIS. 
C 
6 N=I-1 





DO 7 1=1, 61 
CALL CENTER(X2,0.18,i10C(I) ,4,1.0) 
X2=X2+X1 
CALL CHARS (X2,-0.30,0.18,MOC(I) ,0.0,4) 
X1=X1+1.0 
IF(I.EQ.61) GO TO 7 
CALL PLTLN (X1 ,O.U,X1 ,-0.15) 
.IF(l.EQ.3) CALL PLTLN(X1,0.0,X1,-0.75) 
IF(I.EQ.15) CALL PLTLN(X1,u.O,X1,-u.75) 
IF(I.EQ.27) CALL PLTLN(i:1,0.0,X1,-0.75) 
IF(I.EQ.39) CALl PLTLN(X1,0.0,X1,-0.75) 












CALL CHARS (8.25,Y,H,'; 1978 1 ,0.0,5) 
CALL CHARS (20.25,Y,H, 1 ; 1979 1 ,0.0,5) 
CA LL CH AR S ( 3 2 • 2 5 , Y, H , ' ; 1 9 8 0 ' , 0 • 0 , 5) 
CALL CHA.RS(44.25,Y,H,' ;1981 1 ,0.0,5) 
CALL CHARS (55.25,Y,H, '; 1982 1 ,0.0,5) 
352 
C ------ CONVERT INPUT TIME DATA TO USABLE INFORMATION. 
C 
X(I)=O.O 
1-1 RI T E ( 6, 1 0 4) 
104 FORMAT('1 REC. DAT#',/) 
DO 12 I=1,N 
IF (L10NTH(I).EQ.M0(1)) GO TO 10 
DO 8 J=2,12 
IE UlONTH (I). EQ. dO (J)) X (I) =X (I) +FLOAT (J-1) *XI 
8 CONTINUE 
10 X(I) =X (I) +FLOAT (DAY (I)) 
IF (YEAR (I). EQ. 77) GO TO 11 







*110(3)) .AND.YEAR(I) .EQ.78) THEN 
X (I) =X (I) +365. 0 
GO TO 11 
END IF 
IF ( (MO NTH (I) • NE. MO ( 1) . OR. £10 NTH ( I) • NE. MO ( 2) • OR. MONT ii ( I) 
*MO (3)) .AND. YEAit (I) .EQ. 79) THEN 
X (.1) =X (I) +365. 0 
END IF 
IF((MONTH(I) .EQ.MG(1) .OR.1'10NTH(I) .EQ.l.'.iu(2) .0.1:t.hOiHri(I) 
*110(3)) .AND.YEAR(I) .EQ.79) THEN 
X (I) =X (I)+ (365. 0*1. 0) 
GO TO 11 
END IF 
IF ( (MONTH (I) • NE .110 {1) • OE.. ;10NTH (I) • NE. l10 ( 2) • Oii. dONT ti ( I) 
*MO (3)) .AND. YEAR (I) .EQ. 80) 'I'HEN 
X (I) =X (I)+ (365. 0*2. 0) 
END IF 
I l ( (MO NT H ( I) • E Q • MO ( 1 ) • 0 R • i'l ON TH (I) • E Q • i'l O ( 2) . 0 R • l'l O NTH (I ) 
*f.'10 (3)) • AND.YEAR (I) • EQ. 80) THEN 
X (I) =X (I)+ (365. 0*1. 0) 
GO TO 11 
END IF · 
IF ( (dONTH (I) • NE. MO (1) • GR • .'lON'In (I) . NE. i.'10 ( 2) . O.& • .i.:.iONT h ( I) 
*£10 (3)) .AND. YEAR (I). EQ. 81) THEN 
X (I) =X (I)+ (365. 0*3. 0) 
END IF 
IF((L'iONTH(I) .EQ.L10(1) .OR.riONTH(.I) .EQ.J:iC(2) .0rt.nOinri(.i) 
*£10 (3)) .AND.YEAR (Ij .EQ.81) THEN 
X (l} =X (I)+ (365. 0*1. 0) 
GO TO 11 
END IF 
353 
IF ( (I10NTH (I}. NE. l.'10 (1). OE.. clONTH (I). NE. rlO ( 2). Oii. r-10NTH (I) 
• NE. 
*i10 (3)) .AND.YEAR (I) .EQ.82) '.i:HEN 
X (.I) =X (I)+ (365. 0*4. 0) 
END IF 
IF((rlONTH(I) .EQ.t•10(1) .OR.~1uNTri(I) .EQ.ri0(2) .OR.L10NTH(l) 
.EQ. 
*l10(3)).AND.YEAR(I) .1:;Q.82) THEN 
X (I) =X (I)+ (365. 0*1.0) 
GO TO 11 
END IF 
1 1 W RITE ( 6 , 1 0 5) I , X ( I) 
105 FOhMAT(I10,F10.2) 
12 COiff INU E 
C 




Y MAX =- 9 9 9 9 9 . 9 
V~1IN=+99999. 9 
V L1 A X =- 9 9 9 9 9 . 9 
DO 14 I=1,N 
IF (Y1 (I) .LT. Yi'1IN) YIHN=Y1 (I) 
IF (Y 1 (I). GT. YMAX) YMAX=Y1 (I) 
IF (Y2 (I) .LT. YMIN) YiiIH=Y2 (I) 
IF(Y2(I).GT.Y1'1AX) YI-1AX=Y2(I) 
IF (Y3 (I) .LT. YMIN) YtlIN=Y3 (I) 
IF (Y3 (I). GT. Y.MAX) Y£1AX=Y3 (I} 
IF (Y4 (I) .Lr. VMIN) Vr1IN=Y4(I) 
IF (Y4 (I) .GT. Vf'lAX) Vi1.AX=Y4 (I) 
14 CONTINUE 
WRI'IE(6,106)Y~IN,YMAX,Vl.'1IN,VMAX 
106 FORMAT(//,' YMIN-MAX = 1 ,2F10.2,//, 





Y1 {N+1) =FlRSTY 
Y1 (N+2) =DEL'i'AY 
Y2 (N+1) =FlRS'l Y 
Y2 (N+2) =DELTAY 
Y3(N+1)=FIRSTY 
Y3 (N+2) =DEL'IAY 
Y4(N+1)=FIRSIV 
Y4(N+2)=DEL'I'AV 
C ------ CALCULATE THE FihS~ 4 SEASONAL DIVISIONS. 
C 
WRITE (6,107) 
1 0 7 FOR i1 AT ( 1 1 I Q X ( I) 1 , /) 
DO 17 I=1,4 
QX(.I)=O.O 
DO 16 J=2,12 
IF (QM (1). EQ. HO (J)) QX {.L) =QX (I) +FLOAT (J-1) *XI 
16 CONTINUE 
QX {l) =QX (I) +ELOAT (QD (1)) 
QX(I}={QX{I)-FIBSlX)/DELTAX 




C ------SETUP THE Y-AXIS' 
C 
C 





IF (J. NE.1} CALL PLTLN(0.0,0.0,61.0,0.0) 
CALL PLTLN (61.0,0.0,61.0,2.8) 
CALL PLTLN (61. 0, 2. 8, 0. O, 2. 8} 
CALL PLTLN(0.0,2.8,0.0,0.0) 
CALL PLTLN(0.~ 1 1.54,61.0,1.54) 





QX { 7) = 2 0 . 6 9 
QX(8)=23.76 
QX ( 9) = 2 6 • 6 9 
QX{10}=29.66 
QX ( 11) = 3 2. 6 9 
QX{12)=35.76 
QX { 13) = 3 8. 6 9 
Q X { 1 4} =41 . 6 b 
QX(15)=44.69 
QX ( 1 6} = 4 7 . 7 6 
QX{17) =50.69 
Qi ( 18 ) = 5 3 • 6 6 
Q X ( 1 9) =5 6 . 6 9 
QX (20).=59. 76 
CA::..L PLT:.N(QX(1) ,0.0,QX(1) ,2.8) 
CALL .l?L'ILN (~X (2) ,G.0,-.dX(2) ,2.8) 
CA Li.. Pl TL N ( Q ):. ( 3 ) , 0 . 0 , Q .{( 3) , 2 . 8) 
CALL PLTLN (><X(4) ,O.O,QX{4) ,2.8) 




CALI. PLTLJ.'l(QX(6) ,0.0,QX(6) ,2.b) 
CA LL P LT L N ( Q X (7) , U. 0 , Q X ( 7) , 2. 8) 
CALL PLTLN(QX(8) ,0.0,QX(8) ,2.8) 
CALL PLTLN (~X(9) ,U.U,QX(9) ,2.8) 
CA:i.L PLTLN(QX(10),0.0,QX(10),2.8) 
CALL PLTlN {QX ( 11), 0. O,QX ( 11), 2. 8) 
CALL PLTI.1qQX(12),U.0,QX(12),2.8) 
CALL PLTLN(QX(13),0.0,~X(13},2.8) 
CALL PLTLN{-~X(14} ,O.O,,JX(14) ,2.8) 
CALL PLTLN(U};.(15) ,0.0,QX(15} ,2.8) 
CALL PLTLN (QX (1b) ,0. O,QX (16} ,2. 8) 
CALL PLTLN (QX(17) ,O.O,QX(17) ,2.8) 
CALL PLTLN(~X(18) ,U.O,QX{18) ,2.8) 
CALL PLTLN(\.2X(19),0.0,QX{19) ,2.8) 
CALL PLT_LN ,~x (20) ,o.o,..;ix (20j ,2. 8) 




IF ( Y V . E Q • - 1 0 0 0 • 0 ) X 1 = -1 • 3 




C ------ NEWPEN(2) IS A RED FELT-TIP PEN 
C ------ NEWPEN(1) IS A BLACK BALLPOINT BEN 
C 
C 
CALL NEWPEN (2) 
IF(J.EQ.1) CALL LINE{X,YJ,N,1,0,0) 













30 YY=YY-0. 28 
IF(J.EQ.1) CALL CEN'.IEP.(YY,0.33,';T#Hl.nD',7,2.8) 
355 
IF ( J . E Q • 1 ) C Al L C n AB. S ( 6 2 • 7 0 , 'i Y , 0 • 3 3 , 1 ; T # ri l E j) 1 , 'j O • 0 , 7 } 
IF(J.EQ.1) CALL CEN1ER(YY,0.40,•;~#EJ20liAL ~C#OEFFICIE 
NI'S', 
* 25,9.0) 
I.F (J. EQ. 1) CAL.I. CHARS (63.75,YY,0.<+u,';Ii'iE,·120EAL . i)C;OEf 
35b 
F ICIEN ·£S', 
1 90.0,25) 
C 
N IS 1 , 
IF{J.EQ.1) CALL CENTER(YY,0.33,' ;T#dIRD' ,7,2.8) 
IF(J.EQ.1) CA.LL CHAES(-1.65,YY,0.33,';T#HIRD',90.0,7) 
IF {J. EQ. 1) CALL CEN 'I' ER (YY, 0. 40 , ' ; T #E r1PuE AL alC# OEFFICIE 
* 25,9.0) 













IF(J.EQ.2) CALL LINE(X,Y2,N,1,0,1) 
CALL NEIIPEN(1) 
IF (J. EQ. 2) CALL CENTEE{YY,0.33,';S#ECO~D',8,2.8) 
IF (J.EQ.2) CALL CHARS {62. 70 ,YY,O. 33, ';S#.ECOND' ,90.0,8) 
IF (J.EQ.2) CALL CENT EB. (YY,0. 33, 1 ;S#ECOND', 8, 2. 8) 
IF (J. EQ. 2) CALL CHARS (-1 • 65, Y Y, 0. 3 3, 1 ; S #ECON D 1 , 9 0. 0, 8) 
CALL NEW PEN (2) 
IF (J.EQ.3) CALL l..INE(X,Y1,N,1,U,4) 
CALL NEW PEN (1) 
IF (J. EQ. 3) CALL CENTER (YY, 0. 33, 1 ; F#IRST', 7 ,2. 8) 
IF (J.E..J.3) CALL CHARS(62.70,YY,0.33,';F#IRS'l: 1 ,~0.0,7) 
IF(J.EQ.3) CALL CE~TER(YY,0.33,';F#IRS1',7,2.8) 








CALL PLTLN (QX(2) ,0.U,QX(2) ,2.8) 
CALL PLTLN (~X (3), 0. 0, Qi (3), 2. 8) 
CALL PLTLN{CX{4) ,O.O',QX{4) ,2.8) 
CALL PLTLN(CX(5),0.0,QX(5) ,2.8) 
CALL PLTLN (~X(6) ,0.0,Qi:{6) ,2.8) 
CALl PLTLN (~X (7) ,u.O,QX(7j ,2.8) 
CALL PLTLN(QX(8),0.0,QX(8),2.8) 
CALL .2LILN('~X(9) ,O.O,QX(9) ,2.8) 
C Al L PL TL N ( Q X ( 1 0 ) , 0 • 0 , Q X ( 1 0 ) , 2 • 8 ) 
CALL PLTLN(QX(11) ,0.0,QX(11) ,2.8) 






CALL PLTLN(QX(13) ,O.O,QX(13),2.8) 
CALL PLTLN(QX(14),0.0,QX(14),2.8) 
C A LL PL TL N ( Q X ( 1 5) , 0 . 0 1 Q X ( 1 5) , 2 . 8) 
CALL PLTLN(~X(16) ,0.0,QX(16} ,2.8) 
CALL PLTLN(QX (17) ,O.O,QX{17) ,2.8) 
CA LL PL TL N (Q X ( 1 8) , 0 . 0 , ,:;; X ( 1 8) , 2 . 8) 
CALL PLTLN(QX(19) ,O.O,QX(19) ,2.8) 











CALL NU M B E.R ( X 1 , Y Y- 0 . 0 8 , 0 . 1 6 , Y V, 0. 0 , - 1) 
YV=YV-20.0 
22 YY=YY-0.31 
CALL PLTLN (0. 0, 1. 52, 61. 0, 1. 52) 





DO 40 I=1,8 
IF(YV.GT.0.0) X6=61.4 




4 0 YY =Y Y -0. 3 1 
CALL CENTER(YY,0.40,' ;P#EOFILE',9,2.8) 
CALL CHARS(63.15,YY,0.40,';P#EOFILE 1 ,90.0,9) 
CALI. CENTER(YY,0.40,' ;V#OLUL1E' ,8,2.8) 
CALL CHARS(63.75,YY,0.40, 1 ;V#OLUME 1 ,90.0,8) 
CALL CENTER (YY,0.33,' ;#rl 113;#M"-"1' ,12,2.8) 
CALI. CHARS ( 62. 50, YY, 0. 33,'; #1'111 3; #-1"-" 1 1 , 90. 0, 1~) 
CALL CENTER(YY,0.40,';P#ROFILE' ,9,2.8} 
CALL CHARS(-2.50,YY,0.40,' ;P#ROFI~E',90.0,9) 
CALL CENT EB (YY, 0. 40, 1 ; V#OLUi'iE' ,8,2. 8) 
CALL CHA rt S ( - 1. 7 5, Y Y, 0. 4 0, 1 ; V # 0 LU Mt 1 , 9 0 • 0 , 8) 
CALL CENTER (YY ,o. 33,'; !H1113; #£111- 11 1', 12, 2. 8) 
CALL CHARS(-1.12,YY,0.33,';lfi'1 113;:tt'l 11-"1',9u.0,1.L) 
X1=0.0 
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18 - @C#HARLiS~OWN @B 
18 - @L#HAF.LESTOWN ]B 
IIGO.ET08F001 DD DSN=UBl.~ZC101.PLOT6,DISP=OLil 
IIGO.SYSIN DD DSN=URI.HZC101.DATA66,DISP=CLD 
II 
• 
